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SECTION 1
INTRODUCTION

The NESCOM* code is a digital computer program for use in evaluating
nuclear weapon effects on satellite communications systems,t The code is
intended for use in the evaluation of system performance for a variety of
weapon and system parameters. The code is designed for operation on most
computers used for system studies, Operational information is given in Volume 1
(User's Manual), In this volume a description of the code structure and
selected routines is given for use in conjunction with FORTRAN source listings,
Volume 3 provides summary descriptions of the environment, propagatiﬁn, and
signal processing models for users and analysts requiring an understanding of

the level of modeling used in the code,

The WESCOM code consists of a main driver (control) routine and a
number of subroutines and functions, Thc FORTRAN names and a brief description
of the purpose of each routine are given in Table 1, Section 2 of this volume
describes the interconnections between routines and common blocks. Intermediate

level descriptions of selected routines are given in Section 3.

* WESCOM is an acronym for Weapon Effects on Satellite COMmunications.

+ Excluding effects on system materials,



Table 1. Description of WESCOM routines.

Name of Routine Description

Control Main driver routine tor WESCOM code

ACCUM Integrates f(x)dx for a specified interval in
x assuming cither a linear or exponcential
variation

AM3ABS Computes the absorption from ambient oxygen

(02) and water vap-™ along a specified path

ANLYT2 Computes solution to differential equation
used in deionization above 100 km

ANTND Driver routine for antenna noise module

ARRLIM Determines debris location and sice from
debris marker particle location

ATMOSF Provides properties of the normal or heaved
atmosphere above 100 km

ATMOSI Initializes atmospheric properties fos routine
ATMOSU

ATMOSU Determines properties of the undisturbed
atmosphere

AZELR Computes true azimuth, elevation, and slant

range of one point relative to znother point
(points specified by vectors)

BALFIT Fits a fourth order curve to ballistic equation
solution

BB Calculate maximum FM baseband frequency

BDPSK Computes probability bit crror for a binary
differential psk system in a fading environ-
ment

BETAS Computes absorption and backscatter for beta
sheath



Table 1 (Continued)

Name of Routine

BFIELD

BFZ

BKRIAD

BLKDTA

BTRACE

CARDIN
CHEMD

CHEMDQ

CHEMEF

CHEMHR

CHEMQ

CHMION

CHXSPC

CLOSE

CMDEDT

CMEEDT

COMB

Description

Computes properties of magnetic dipole field
at a point

Computes function used in Booker interpolation

Determines four point interpolation using
Booker exponential formulation

Defines parameters and constants for labled
common blocks

Determines location of ionized air parcels
along a geomagnetic ficld line

Reads input cards and writes card image output
Driver routine for D-region chemistry module

Driver routine for steady-state D-region
chemistry

Determines chemistry and ionization for E-
and F-regions

Determines chemistry and ionization for
hcated regions

Determines steady-state ionization above
100 km

Determines species concentrations in - and
F-regions

Determines cenergy histogram for charge ex-
change particles

Determines location of closest point of ap-
proach between two vectors

Edits burst list for bursts to be used in
D-region chemistry calculations

Edits burst list for bursts to be used in
E- and F-region chemistry calculations

Determines number of wavs of choosing [ quan-
titics from a total of M quantitics without
regard to order



Tabie 1 (Continued)

Name of Routine

CONSPC

COORDV

COORDX

CORDTF

CPSK

CROSS

DATE

DBMUT

DBMLT

DBSTAM

DEBRIS

DECODE
DEDEP

DELPSK

DIFINT

Description

Determines energy histogram for loss-cone
particles

Determines vector coordinates trom latitude,
longitude, and altitude

Transforms coordinates of a point in one
coordinate system to any of the other three
systems; the coordinate systems are:

ground range, azimuth, altitude

X (east), Y (north), Z (vertical)
slant range, azimuth, clevation
clevation, azimuth, altitude

- N e

Determines coordinate conversions for input
geometry and prepares summary output

Computes probability of bit error for an
M-ary coherent psk system in a noise cnviron-
ment (no fading)

Calculates cross product for two vectors

Computes Gregorian date and zone time after
specified time interval

Determines time-dependent debris region
quantities for high-altitude bursts

Determines tim-o-dependent debris region quan
tities for low-altitude bursts

Driver routine for post-stabilization debris
geometry

Driver routine to determine cnergy deposition
by hecavy particles

Decodes four digit integer into clements
Determines delaved energy deposition rate
Computes probability of hit error for a
coherent psk system for slow tading cenviron

ment

Fvaluates three intograls associated with
diffusion ionization prof.le

e



Table 1 (Continued)

Name of Routine

DISTF

noT

DPSK

nQPSK

DRATE

DSTINT

DTNEP

DTNEQ

DUSTMI

EANOM

EDEPB

EDEPG

EDEPND

EIF

ELDEN

Description

Calculates exponential term in debris distri-
bution function

Calculates vector dot product

Computes probability of bit error for an
M-ary differentially coherent psk system in
a noisc environment (no fading)

Computes probability of bit error for a dif-
fercrtcially coherent 4-ary psk system for
slow fading

Determines reaction rate cocfficients for
D-region chemistry solutions

Determines absorption due to dust clouds

Computes D-region positive ion and elec-
tron concentrations due to prompt
radiation

Computes stcady-state D-region positive
ion and electron concentrations due to
delayed radiation

Determines time-independent quantities
for dust regions

Calculates eccentric anomaly for satellite
orbhit

Determines cnergy deposition rate due to
beta particles

Determines energy deposition rate due to
gamma rays

Dctermines cnergy deposition rate due to
neutron clastic collisions and capture
reactions

Calculates the exponential integral function
for positive arguments

Driver routine for chemistry and ionization
calculations



Name of Routine

ENEE

ENZVIB

FOCROS

FOLALR

CQLAMTI

FUNPLT

EXINTP

EAIINT

FAC

FREN

FRINT

FRTTMD

FRMITI

FRMUT

FBMLLT

briver routine for E- and F-region chemistry
module

Computes the concentration of Ny oin the tirst
vibrational state

Locates the air parcel in the fireball at
apopee that will stop at the magnetic cquator

Determines equilibrium air specics concentra-
tions

Determines equilibrium aluminum and uranium
species concentrations

Fvaluates error function
Fvaluates complement of the error function

Determines total UV radiation and traction
radiated in five radiation groups

Provides exponential interpolation

Determines the integral of a quantity when

the quantity is defined by a series of cxponen-
tials

Fvaluates function used in beta particle
cnergy deposition routine

Computes K factorial

Determines jonization and collision frequen-
cies at point within fireball

Driver routine for fireball environment and
propagation cftfects module

Computes mass density and mass density scale
height at bottom of high-altitude fireballs

Determines time-independent firchall quantitics
for high-altitude bursts

Determines  time-dependent firehall quantitics
tfor hich-altitude bursts

Determines time-independent fireball quantities
for low-altitude bursts

10



Table 1 (Continued)

Name of Routine Description
FBMLT Determines time-dependent fireball quantities

for low-altitutde bursts

FBTINT Determines fireball thermal emission in a
given direction

FNNO Determines solution of differential equation
used in high-altitude chemistry model

FOOTPC Driver routine for fireball footprint plots

FPCIR Determines circuit performance for single
link circuit used for footprint plots

FPINT Determines parametric values of footprint plot
quantities as a function of ground terminal
location

FPLNK Determines link propagation quantities for

footprint plots

FPPLOT Prepares footprint printer page plots

FQAMB Determines ion-pair production rate below
100 km from electron density and atmospheric
parameters

FSKIWR Computer probability of bit error for M-ary

wideband FSK system in a noise environment
{no fading)

FSKWBQ Computes the complement of the normal proba-
bility distribution

I'SKWBY Computes a summation used in routine FSKWB

FZET Solves heavy particle range-energy ecquation

GAIN Calculates antenna gain

GEOCOR Computes latitude and longitude of position
vector

GNNO Determines solution to sct of equations des-

cribing species concentrations for high-
altitude chemistry model

GOX Computes the 02 incremental absorption
GWAT Computes the incremental absorption from water
vapor
11
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Name of Routine

GWPLME

HDINT

HEAVE

HELP

HERCAN

HPCHEM

HTOS

IDEFLT

INITAL

INPUT

INPUTP

IONLEK

IONOSI

IONOSU

JAMND

JULIAN

LAGRAN

LEKSPC

Description

Determines high-altitude fireball motion
caused by gravity and atmospheric winds

Computes intergral used in diffusion ioniza-
tion model

Computes the vertical velocity and time
history of the altitude, expansion ratio,
and density scale height of a point in a
vertically heaving atmosphere

Prints an error message and can continue or
terminate the problem

Computes coefficients used by routine SANCAN
Partitions energy lost by heavy particles
and determiaes change in neutral and ion

species

Calculates slant ranges along vector to
points that are at specified altitude

Prepares input default data

Determines D-region neutral species concen-
trations at end of Phase 2 following a burst

Reads and checks input data

Performs preliminary processing of input
data and prepares summary output

Determines energy in ion leak particles and
spatial distribution paramenter

Initializes ionospheric properties for
routine TONOSU

Determines properties of the undisturbed
ionosphere

Determines jammer noise density at specified
receiver for a specified jammer location

Computes Gregorian calendar date to a Julian
day number

Computes the initial location and final
properties of a Lagrangian cell

Determines energy histogram for ion leak
particles

12



Table 1 (Continued)
Name of Routine

LINKER

LOCATE

LOCLAX

LOSCON

MAGDIS

MAGFIT

MAGFLD

MANPTS

MATMUL

MISCAT

MODEM1
MODEM2
MODEM3
NFSKMF

NINT

NORMAL

OMEGA

Description

Used on the Honeywell machine for linking
(overlay)

Determines array indicces and weighting func-
tions for use in link performance models

Calculates vector transformation matrix

Determines energy in loss cone particles and
spatial distribution parameter

Determines altitude and length along geo-
magnetic field line of a point on the field

line

Fits a dipole magnetic ficld to the local
magnetic field at specified point

Determines location of the point on a magnetic
field line that is at a specified altitude

Determines mandatory integration points re-
lated to beta tubes, low-altitude ionization
sources, and heavy particle ionization sources

Performs matrix multiplication betwcen two
real matrices

Computes the Mie backscatter and extinction
efficiencies given the normalized particle
diamecter

Determines probability of message error rate
for fading environment for threc modems

Computes probability of bit error rate for
non-coherent FSK for fading environment

Determines a normalized integral over the
antenna pattern used in computing receiver
antenna noise temperaturc

Calculates the probability that v lies between
x and -x for a standard normal distribution

Computes solid angle subtended from any aspect

for spheroid, skewed spheroid, torus, cone,
and skewed cone

13



Table 1 (Continued)

Name of Routine Description

ONEMGS Calculates magnetic ficld at specified point
ORBIT Determines satellite orbit paramecters

OZONE Determines ozone concentratiors below 55 km
PCHEM Determines change in species densities at alti-

tudes above 100 km due to prompt radiation

PCLOUD Computes the location, shape, and velocity of
a dust particle size group

PEDEP Computes the cnergy deposited due to prompt
radiation

PGROUP Computes the average backscatter and extinc-
tion cross scctions for a specified dust
particle group

PHEAVE Determines the hecave disturbed atmosphere
profile
PHENOM Driver routine for firebali and debris phenom-

cnology module

pHOTOD Computes the fraction of 0. remaining after
thermal radiation )

PHOTOR Calculates the negative ion photodetachment
and photodissociation rates due to thermal
radiation

PIONF Obtains the initial ion concentrations at a
point above 100 km

PLINTP Obtains the power law interpolation, v = axb

PLYVAL Evaluates a polynomial function given the
coefficients and argument

PMASS Computes the mass penctrated between two points

assuming that the »'r density varies exponen-
tially with altitude

PROPEN Driver routine for calculating propagation
cffects along a given path

14



Table 1 (Continued)

Name of Routine

PSOHM

PTHINT

QCOSM

QFNTN

RADOUT

RATE

RICATT

RINTER

RRMSTP

SANCAN

SATC

SATCIR

SATLNK
SEPA

SLINK

SLOBE

SOIL

Description

Driver routine for post-stabilization debris
module for specified debris region

Computes the integral of the electron density,
absorption, refraction, scintillation effects,
and Faraday rotation along a propagation path
Computes cosmic ion-pair production rate

Computes Marcum's Q function

Computes the radiated power for a burst of a
given yicld at a specified altitude

Calculates the reaction rate coefficient for
a specified reaction

Computes the transient electron density based
on an approximate solution to the Ricatti
cquation

Computes intersections between ray path and
right circular and skewed spheroids, cones,
magnetically defined tubes, and torus

Calculates ratio of rms to peak frequency
deviation of an FM system

Computes two integrals used in analytic signal
processing models

briver routine for satellite communication
calculations

betermines performance quantities for satcllite
communication circuit

Determines link propagation quantitiecs
Calculates the angle between two vectors

Determines whether propagation or noise calcu-
lations have been made for specified link

Determines maximum side lobe gain

Provides the mass density and dielectric
constant for a given soil

15



Table 1 {Continued)

Name of Routine

SOLCYC

SOLORB

SOLZEN

SORBIT

SPCTRM

SPECDP

SPECDQ

START

STRI1

STRIP
SUBVEC
TATSRT

TEMPZi

TEST

TEXK

TFUNC

TLTELD

Description

Computes the 10.7-cm solar flux

Computes the latitude and longitude of the
subsolar point

Calculates the cosine of the solar zenith
angle

Determines satellite location and velocity at
specified time

Defines device data

Computes the neutral species concentrations
at the end of Phase 3

Computes the modification of the neutral
species due to delaved radiation

Computes a list of mandatory integration points
ranked in increasing distance from the trans-

nitter

Determines scintillation quantitics for
specified path through fircball

Defines fircball striation parameters
Calculates the difference between two vectors
Computes true anomaly of satellite orbit

Determines atmospheric temperature below
120 km

Test input quantitics to sce if they are
within piven bounds

Computes the excitation temperature for a
given energy density cquilibrated between the
N (VIB), 0(1), the clectron kinetic cnerpy
and N(2n)

Computes firehall temperature function for
high-altitude bursts

Determines tocation of the point on a tilted
axis that is at o specified altitude

16



Table 1 (Continued)

Name of Routine

TORBIT
TOROID
TUBE
UNITV

USERMD

UVHAV
UVND
VECLIN
VECM
VOLUME
WATER

WOBD

WOGD
WOGP
WOG)

WOND

Description

Determines ground terminal location and
velocity at specified time

Computes the intersection points of a ray path
with a toroidal region

Computcs the intersection point of a ray path
with a magnetically contained region

Computes a unit vector from a given input
vector

User routine to compute circuit performance

Determines average wind velocity over a verti-
cal mixing length

Determines horizontal wind field above 100G km
altitude

Computes the linear combination of two vectors
each multiplied by an arbitrary constant

Computes the product of a vector with a
scalar

Computes the volume of a given geometrical
region

Determines water vapor concentration below
45 km altitude

Computes the beta energy deposition coeffi-
cient, particle release rate, and average
energy

Computes the delayed gamma-ray energy depo-
sition parameters

Provides prompt gamma energy deposition
parameters

Initializes the gamma-ray energy deposition
parameters

Provides the time-dependent ncutron energy
deposition parameters

17



Table 1 (Continued)

Name of Routine

WONP

WON1

WOXC

woxep

WOX1

XMAG

ZTTOUT

Description

Provides prompt ncutron energy deposition
parameters

Initializes the neutron energy deposition
parameters

Computes the X-ray energy containment

Computes the prompt X-ray energy deposition
integral

Initializes the neutron energy deposition
parameters

Computes the absolute magnitude (length) of
a vector

Converts a local time and Gregorian calendar
date to the local time and Gregorian calendar
date at Greenwich

16



SECTION 2
ROUTINE INTERCONNECTIONS AND COMMON BLOCKS

Table 2 lists WESCOM routines and library routines called directly
and the common blocks used by cach routine. Table 3 lists routines calling a

specific routine and Table 4 lists routines using a specific common block.

19



Table 2, WZSCOM routines, library routines,
and common blocks used.

WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCK
ROUTINES CALLED DIRECTLY CALLED DIRECTLY USED
CONWES ATH0S1 ALTODN PHEN
DATE ATMOSN PROP
FOOTPC ATMOUP REGINT
INPUT BREG SPECW
10N0S I BURST SSYS
MASFIT CHEMR TIME
PHENON CINPUT TSYS
SATC CIRDES WEDEPO
SORBIT CONST oG
ITTOUT DBREG WON
DCREG WOX
DEPDAT
DEVICE
FBREG
HEACOHM
HEAVE]
JAMIER
MAGLNK
FODULT
OPTION
ORGIN
PATH
ACCUM ALOG
AMBABS ATMOSU ALOG ATMOSN
GOX CONST
GWAT
qT10S
UNITY
VECLIN
VECM
XMAG
ANLYT2 EXP
SQRT
ANTND ATHOSU ALOG ANTMP
AZELR CcoS BETAB
BETAS SIN BREG
FBTINT SQRT CINPUT
GEOCOR CLINK
i LOCLAX CONST

=

20




Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES vOMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
ANTND MAGFLD FBREG
(Continued) MATMUL MAGLNK
NINT OPTION
PROPEN PROP
SUBVEC SSYS
UNITYV TSYS
VECLIN
VECM
XMAG
ARRLINM COORDV ALOG CINPUT
VOLUME CosS CONST
EXP DBREG
RAY
ATMOSF ATMOSU COS BREG
HER ~ EXP CONST
HELP SIN HEACOM
LAGRAN SQRT HEAVE]
PEDEP FBREG
SUBVEC
UNITV
VECM
XMAG
ATMOSI BKRIAD ALOG ALTODN
EXPINT cosS ATMOUP
JULIAN EXP CONST
0ZONE SIN TIME
SOLCYC SQRT ZHTEMP
SOLORB
SOLZEN
TEMPZH
WATER
ATMOSU BKRIAD EXP ALTODN
EXPINT ATMOSN
ATMOUP
CONST
TIME
ZHTEMP
AZELR LOCLAX ATAN?2 CONST
MATMUL
SEPA
.SUBVEC
XMAG
BALFIT MAGDIS SQRT CONST
LENGTH
BB ALOG10
BDPSK NORMAL EXP CONST
SQRT DIGMOD

21




Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
BETAS CHEMDQ ALOG ANTMP
WOBD EXP BETAB
BREG
BURST
CINPUT
CONST
DBREG
DEVICE
FBREG
BFIELD ASIN CONST
Cos MAGLNK
SIN
SQRT
BFZ ALOG
EXP
BKRIAD BFZ ALOG
EXP
BLKDTA ALTODN
CHEMR
CONST
DEPDAT
OPTION
WEDEPO
BTRACE BALFIT SQRT CONST
MAGDIS LENGTH
TRACE
CARDIN OPTION
CHEMD | ATMOSU ALOG ATMOSN
CMDEDT EXP ATMOST
DEDEP SQRT BeDIT
DRATE BREG
DTNEP CHMOVL
DTNEQ CINPUT
EN2VIB FDSRAT
INITAL OPTION
TONOSU out
PHOTOR
SPECDP
SPECDQ
VECM
CHEMDQ ATHOSU ALOG ATMOSN
DRATE EXP ATMOST
DTNEQ SQRT CINPUT
IONOSU FDSRAT
SPECDQ
CHEMEF CHMION ALOG CHEMAN
GNNO EXP SPECEF

22



WESCOM ROUTINES

LIBRARY ROUTINES

COMMON BLOCKS

ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
CHEMEF RATE SQRT
Continued) TEXK
CHEMHR ATMOSU ALOG ATMOSN
EQLAIR EXP CHEMB
EQLMTL SQRT FDSRAT
PHOTOR OPTION
RATE SPEC
CHEMZ RATE SQRT SPECQ
CHMION ANALYT2 EXP CHEMAN
RICATT SQRT SPECEF
CHXSPC ALOG WEDEPO
EXP
CLOSE DOT
VECLIN
CMDEDT PEDEP EXP ATMOST
PHOTOD SQRT BEDIT
BREG
OPTION
out
WRATE
CMFEDT ATMOSF BREG
PIONF EDTOVL
OPTION
SOURCE
SPECEF
CcoMB ALOG CONST
EXP
SQRT
CONSPC SQRT WEDEPO
COORDYV coS CONST
SIN
COORDX ASIN CONST
cos
SIN
SQRT
CORDTF AZELR CONST
COORDV
COORDX
GEOCOR
LOCLAX
MATMUL
VECLIN
XMAG
CPSK ERFC SQRT DIGHOD
CROSS
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Table ¢  (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
DATE ORIGIN
DBMHT ATMOSU EXP BREG
HELP SQRT BURST
MAGDIS CONST
MAGFLD DBREG
VECM DEVICE
FBREG
LENGTH
OPTION
PHEN
DBMLT ATMOSU EXP BURST
HELP SQRT CONST
UNITV DEVICE
VECM DBREG
VOLUME FBREG
WOBD PHEN
DBSTAM DATE BREG
GEOCOR CINPUT
MAGFLD CONST
PSDM DBREG
VECM OPTION
XMAG ORIGIN
ZTTOUT PHEN
TIME
DEBRIS AZELR ALOG BREG
CHXSPC (1) CONST
CONSPC SIN DTUBE
FZET SQRT MAGLNK
GEOCOR OPTION
LEKSPC WEDEPO
MAGFLD
SEPA
VECM
DECODE
DEDEP EDEPB C0s BREG
EDEPG SIN BTUBE
EDEPND CINPUT
GEOCOR DLREG
VECM FBREG
XMAG MAGLNK
OPTION
DELPSK ERFC ATAN CONST
SQRT DI{GMOD
DIFINT ALOG
EXP
DISTF EXP
DOT
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Table 2 Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
DPSK ERFC EXP CONST
SQRT DIGMOD
DQPSK ERC SQRT DIGMOD
QFNTN
DRATE RATE EXP WRATE
SQRT WRATEH
DSTINT PCLOUD CINPUT
PGROUP CONST
RINTER DCREG
UNITV FBREG
VECM OPTION
PROP
DTNEP ALOG ATMOST
EXP FDSRAT
SQRT WRATE
DTNEQ HELP ALOG ATMOST
SQKY FDSRAT
ouT
WRATE
DUSTMI HELP ALOG BREG
SOIL BURST
DCREG
PHEN
EANOM DCOS
DMOD
DSIN
EDEPB ATMOSU ALOG BREG.
AZELR cos BURST
BFIELD EXP CONST
COORDX SIN DBREG
CROSS SQRT FBREG
EIF MAGLNK
E2
GEOCOR
LOCLAX
MAGFLD
MATMUL
PMASS
RINTER
SUBVEC
UNITV
VECLIN
VECM
VOLUME
WOBD
XMAG
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WESCOM ROUTINES

LIBRARY ROUTINES

COMMON BLOCKS

ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
EDEPG ATMOSU ACOS BURST
AZELR ALOG CONST
COORDX ASIN DBREG
DISTF €S FBREG
HELP EXP
MAGFLD SIN
PMASS SQRT
RINTER
SUBVEC
UNITV
WOGD
XMAG
EDEPND PMASS EXP BREG
SUBVEC SQRT BURST
WOND DEVICE
XMAG
EIF ALOG
EXP
ELDEN VECM BREG
CHEMD BURST
ENEF CINPUT
CHHOVL
DEVICE
OPTION
SOURCE
ENEF ATMOSF ALOG ATMOSN
ATMOSU EXP BREG
CHEMEF SQRT CHMOVL
CHEM) CINPUT
DEPEP CONST
1ONOSU HEACOM
PIONF OPTION
TEXK SOURCE
UNITV SPECEF
VECM SPECQ
ENZVIB EXP ATMOST
EQCROS HELP SQRT CONST
LENGTH
EQLAIR SQRT SPEC
EQLMTL SQRT SPEC
ERF ERFC SQRT CONST
ERFC ERF EXP CONST
SQRT
EUXFIT WOXC ALOG BREG
BURST
EXINTP
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
EXPINT ALOG
EXP
E2 EIF EXP
SQRT
FAC ALOG CONST
EXP
SQRT
FBEN ATMOSF ALOG BREG
ATMOSU cos CHEMB
BFIELD EXP CHEMFB
CHEMDQ SIN CINPUT
CHEMHR SQRT CONST
DEDEP FBREG
DIFINT LENGTH
GEOCOR MAGLNK
HDINT OPTION
LOCLAX
MAGDIS
MAGFLD
MATMUL
RATE
SEPA
SUBVEC
TFUNC
UNITV
VECLIN
VECM
XMAG
FBINT ACCUM ALOG BREG
BFIELD CcoS BTUBE
DOT SIN BURST
FBEN SQRT CHEMB
GEOCOR CHEMFB
LOCLAX CINPUT
MAGFLD CONST
MATMUL DBREG
RINTER DEVICE
SEPA FBREG
STRII HMAGLNK
SUBVEC OPTION
UNITV PROP
VECLIN REGINT
VECM STRIIN
XMAG
FBITMD EXP BREG
SIN
FBMHI ATMOSF ALOG BREG
ATMOSU Cos BURST
__ERF EXP CONST
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Table ¢ (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
FBMHI EUXFIT StM PHEN
(Continued) FBITMD SQRT

FBMHT
TONLEK
LAGRAN
LOSCON
MAGFLD
WOXC

FBMHT BTRACE ACOS BREG
COORDX ALOG CONST
EQCROS cos FBREG
FBITMD EXP LENGTH
LOCLAX SIN PHEN
MAGDIS SQRT TRACE
MATMUL
SEPA
STRIP
VECLIN
VECM
XMAG

FBMLI ATMOSF ALOG BREG
ATMOSU EXP BURST
WOXC SQRT CONST

PHEN

FBMLT ATMOSU EXP BREG
COORDX SQRT CONST
LOCLAX FBREG
MATMUL PHEN
VECLIN
XMAG

FBTINT ACCUM ALOG ANTMP
DOT cos BREG
FBEN SIN BURST
GEOCOR SQRT BTUBE
MAGFLD CHEMB
SUBVEC DEVICE
UNITV FBREG
VECLIN MAGLNK
VECM OPTION
XMAG

FNNO EXP

FOOTPC CROSS ALOG BREG
FBEN cos CHEMB
FBINT SIN CHEMFB
FPINT CINPUT
FPLNK CONSY
FPPLOT FBREG
GEOCOR FPINTC
HTO0S LENGTH
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
FOOTPC LOCLAX MAGLNK
(Continued) MAGDIS OPTION
MAGFLD PATH
RINTER PROP
SEPA REGINT
SUBVEC SSYS
TLTFLD TSYS
UNITV
VECLIN
VECM
XMAG
FPCIR BDPSK ALOG10 CONST
CPSK ATAN2 DIGMOD
DELPSK SIN FPCIRC
DPSK SQRT MODULT
DQPSK
FSKWB
MODEM1
MODEM2
MODEM3
NFSKMF
USERMD
FPINT GEOCOR ALOG CONST
HELP ALOG10 FPINTC
HTOS OFTION
SUBVEC
UNITV
VECLIN
FPLNK AZELR ALOG ANTMP
FBTINT ALOG10 BREG
FPCIR SIN CINPUT
GAIN SQRT CLINK
LOCLAX CONST
MAGFLD FBREG
MATMUL FPCIRC
NINT MAGLNK
SLOBE OPTION
SUBVEC PROP
UNITV SSYS
VECLIN TSYS
VECM
XMAG
FPPLOT cos CONST
FPINIC
OPTION
FQAMB ATMOSU SQRT ATMOSN
DRATE ATMOST
DTNEQ FDSRAT
ouT
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY UseD
FSKWB FSKWBY SQRT CONST
DIGMOD
FSKWBQ EXP
FSKWBY COMB ALOG DIGMOD
FSKWBQ EXP
SQRT
FZET ALOG
SQRT
GAIN DOT SIN
SEPA SQRT
GEOCOR SEPA ATAN2 CONST
GNNO FNNO ALOG
EXP
GCX EXP
GWAT
GWPLME BFIELD ACOS BREG
COORDV ASIN CONST
DATE CoS FBREG
GEOCOR SIN ORIGIN
MAGFLD SQRT PHEN
SEPA RAY
SUBVEC TIME
UVWD WSTOR
VECM
XMAG
ZTT0UT
HOINT MAGDIS ALOG CONST
EXP LENGTH
SQRT
HEAVE ATMOSU EXP HEAVE1
LAGRAN SQRT
PHEAVE
HELP EXIT
HERCAN EXP
HPCHEM SPECEF
TSTEF
HTOS SEPA CcoS CONST
XMAG SQRT
IDEFLT COORDV BURST
CINPUT
CIRDES
CONST
JAMMER
MODULT
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WESCOM ROUTINES

LIBRARY ROUTINES

COMMON BLOCKS

ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
IDEFLT OPTION
(Continued) ORIGIN
PATH
SSYS
TSYS
INITAL DRATE EXP ATMOST
EIF WRATE
INPUT BLKDTA ALOG10 BURST
CARDIN EXIT CINPUT
DECODE CIRDES
IDEFLT CONST
INPUTP DEVICE
ORBIT INPTCM
SPCTRM JAMMER
TEST MODULT
WOG] OPTION
WON1 ORISIN
WwoX1 PATH
SPECW
SSYS
TSYS
INPUTP BB BURST
COORDV CINPUT
CORDIF CIRDES
GEOCOR CONST
RRMSTP DEVICE
XMAG INPTCM
JAMMER
MODULT
OPTION
ORIGIN
PATH
SSYS
TSYS
IONLEK
[ONOSI COORDV ALOG CONST
FQAMB COsS IONOUP
JULIAN EXP MAGLNK
QCOSM SQRT TIME
SEPA
SOLCYC
SOLORB
ZTTOUT
TONOSU BFZ EXP CONST
COORDV SQRT TONOUP
FQAMB MAGLNK
COSM TIME
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
IONOSU RATE
(Continued) SEPA
JAMND AZELR SQRT CLINK
GAIN CONS1
PROPEN JAMMER
SLOBE OPTION
SUBVEC PROP
UNITV SSYS
VECM TSYS
XMAG
JULIAN TIME
LAGRAN ALOG HEAVE
EXP
SQRT
LEKSPC SQRT WEDEPO
LOCATE
LOCLAX CROSS
UNITV
VECM
LOSCON ALOG
SQRT
MAGDIS ALOG CONST
EXP LENGTH
SQRT
MAGFIT COORDV ASIN CONST
ONEMGS ATAN MAGLNK
UNITV CosS
VECM SIN
SQRT
MAGFLD DOT SQRT HAGLNK
UNITV
VECLIN
XMAG
MANPTS ATMOSU SIN BREG
DoT SQRT BTUBE
GEOCOR sURST
LOCLAX CINPUT
MAGFLD CONST
MATHUL DBREG
RINTER DEVICE
SUBVEC DTUBE
UNITV MAGLNK
VECLIN OPTION
VECM PROP
XMAG REGIN
MATMUL
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
MISCAT CABS
ccos
cosS
CSIN
SIN
MODEM1 LOCATE ALOG
EXP
MODEM2 LOCATE ALOG
EXP
MODEM3 LOCATE ALOG
EXP
NFSKMF coMB EXP CONST
SANCAN DIGMOD
NINT AZELR ACOS ANTMP
DOT ASIN CONST
GAIN ATAN2 FBREG
LOCLAX CoS OPTION
MATMUL SIN
OMEGA
RINTER
SEPA
SUBVEC
UNITV
VECLIN
VECM
VOLUME
XMAG
NORMAL EXP
OMEGA DOT cosS CONST
HELP SIN MAGLNK
LOCLAX SQRT
MATMUL
SUBVEC
XMAG
ONEMGS SQRT
ORBIT EANOM ACOS CONST
TATSRT ASIN ORIGIN
ATAN PATH
cos
SIN
SQRT
TAN
O0ZONE EXP CONST
SIN TIME
PCHEM TEXK EXP DEPDAT
SQRT OPTION
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Table 2  (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
PCHEM SPECEF
(Continued) TSTEF
PCLOUD LOCLAX BREG
MATMUL CONST
DCREG
FBREG
PEDEP DEBRIS EXP BREG
PMASS SQRT BURST
SUBVEC CONST
WOGP DEVICE
WONP DTUBE
WOXP
XMAG
PGROUP MISCAT ALOG CONST
EXP DCREG
PHEAVE EXP HEAVE]
SQRT
PHENOM ATMOSF cos BREG
ATHMOST SIN BURST
AZELR CINPUT
BFIELD CONST
COORDX DBREG
DATE DCREG
DBMHT DEVICE
DBMLT FBREG
DBSTAM LENGTH
DUSTMI MAGLNK
FBMHI OPTION
FBMHT ORIGIN
FBILI PHEN
FBMLT TIME
GEOCOR
GWPLME
HELP
MAGDIS
MAGFLD
MAGFIT
RADOUT
XMAG
VECM
ZTTOUT
PHOTOD AZELR ALOG BREG
EXP
SIN
SQRT
PHOTOR SUBVEC BREG
XMAG FBREG
FDSRAT

34



Table 2 Continued)

WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
PIONF ATMOSF ALOG BREG
ATMOSU EXP BURST
AZELR SIN CONST
DEBRIS SQRT DEPDAT
EUXFIT DEVICE
HPCHEM OPTION
PCHEM SPECEF
PMASS TSTEF
SUBVEC
VECLIN
VECM
WOXp
XMAG
PLINTP ALOG
PLYVAL
PHASS ATMOSU EXP CONST
SQRT
PROPEN AMBABS Cos CINPUT
AZELR SIN CONST
CMFEDT SQRT EDTOVL
DSTINT MAGLNK
FBINT OPTION
HTOS PROP
MANPTS REGINT
PTHINT
START
SUBVEC
UNITV
VECLIN
VECH
XMAG
PSDM ARRLIM Cos CONST
UVWAV SPEEDS
UVWD RAY
WSTOR
PTHINT ACCUM ALOG CINPUT
BFIELD SQRT CONST
DOT MAGLNK
ELDEN OPTION
GEOCOR PROP
MAGFLD RCGINT
SUBVEC
UMITV
VECLIN
XMAG
QCOsM cos CONST
EXP
SIN
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
QFNTN ALOG10
EXp
RADOUT HELP ALOG BREG
EXP FBREG
PHEN
RATE EXP CHEMR
RICATT EIF ALOG
EXP
RINTER BFIELD cos CONST
CLOSE SIN MAGLNK
pDoT SQRT RGEOM
GEOCOR
LOCLAX
MAGFLD
MATMUL
SUBVEC
TOROID
TUBE
UNITV
VECLIN
VECM
XMAG
RRMSTP PLYVAL ALOG10
SANCAN ERF EXP CONST
FAC SQRT
HERCAN
SATC ANTND i CHEMB
ATMOSI , CIRDES
DECODE Y CLINK
GEOCOR JAMMER
HTOS OPTION
IONOSI PATH
JAMND PROP
MAGFIT SSYS
_ PROPEN TIME
© SATCIR STSYS
SATLNK
SLINK
SUBVEC
TORBIT
UNITV
VECLIN
VECM
XMAG
SATCIR BDPSK ALOG10 CINPUT
CPSK ATAN2 CONS7
DELPSY SIN DIGMO"
DPSK SQRT MODULT
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
SATCIR DQPSK OPTION
(Continued) FSKWB SIGCOM
MODEM1
MODEM?2
MODEM3
NFSKMF
USERMD
SATLNK AZELR ALOG10 CINPUT
GAIN SQRT CLINK
GEOCOR CONST
SLOBE OPTION
SUBVEC PROP
UNITV SIGCOM
VECM SSYS
XMAG TSYS
SEPA DOT ACOS CONST
XMAG ASIN
SLINK DECODE CIRDES
CLINK
SSYS
TSYS
SLOBE SIN CONST
SOIL HELP DCREG
SOLCYC cos ORIGIN
TIME
CONST
SOLORB Ccos CONST
SIN TIME
SOLZEN ACOS CONST
cos TIME
SIN
SQRT
SORBIT COORDV ASIN CONST
EANOM ATAN2 OPTION
TATSRT cos PATH
EXIT
SIN
SQRT
SPCTRM SPECW
SPECDP ALOG ATMOSN
EXP ATMOST
SQRT WRATE
WRATEH
SPECDQ EXP ATMOST
WRATE

kYA
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Table 2 (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
START FBREG
PROP
REGINT
STR11 ACCUM ALOG CONST
CROSS SQRT PROP
DOT STRIIN
HELP
SUBVEC
UNITV
VECLIN
STRIP SQRT BREG
FBREG
SUBVEC
TATSRT ATAN CONST
SQRT
TAN
TEMPZH ALTODN
CONST
TIME
ZHTEMP
TEST
TEXK ALOG
EXP
SQRT
TFUNC
TLTFLD MATMUL CONST
VECLIN
XMAG
TORBIT COORDX CINPUT
LOCLAX CONST
MATMUL PATH
VECLIN
VECM
XMAG
TOROID DOT SQRT RGEOM
LOCLAX
MATMUL
VECLIN
VECM
TUBE DOT RGEOM
MAGFLD
SUBVEC
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Table 2  (Continued)
WESCOM ROUTINES LIBRARY ROUTINES COMMON BLOCKS
ROUTINE CALLED DIRECTLY CALLED DIRECTLY USED
TUBE UNITV
(Continued) VECLIN
UNITV SQRT
USERMD DIGMOD
UVWAV RAY
SPEEDS
UVWD CoS CONST
EXP RAY
WSTOR
VECLIN
VECM
VOLUME HELP cos CONST
SIN
SQRT
WATER ALOG CONST
EXP TIME
SIN
W0BD DEVICE
WOGD EXINTP DEVICE
WOG
WOGP EXINTP WOG
WOG] DEVICE
SPECW
WOG
WOND EXINTP WON
PLINTP
WONP . EXINTP WON
~PLINTP
WON1 2 ALOG DEVICE
EXP SPECW .
SQRT WON
WOXC EXINTP ALOG WOX
EXP
WOXP EXINTP WOX
WOX1 ALOG DEVICE
EXP SPECW
- WoX
XMAG SQRT
ZTTOUT EXIT CONST
TIME
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Table 3.

specific routine.

WESCOM routine called by a

SUBROUTINE | CALLED BY SUBROUTINE | CALLED BY SUBROUTINE | CALLED BY
ROP AZELR ANTHD CARDIN INPUT
AMBABS PROPFN 2EL S LU
DEBRIS e
ANLYT?2 CHVM ION EDE PB CHEMD ELere
EDE PG _ )
ANTND SATC FPLNK CHEMDQ RETAS
JARND FREN
. NINT
sil AL PHENOM CHEMEF ENFF
ATMOSF CMFEDT S?SLED
ENEF CHEMHR FBEN
FREN PROPEN
. SATLHK
ig;t} CHEMQ ENFF
p 4 BALFIT BTPACE
pTSﬁ?' CHMION CHEMEF
BR INPUTP
ATMOSI COLWES CHXSPC DEBRIS
z:ggOM BDPSK FPCIR
LS CLOSC RINTER
ATMOSU AMEABS
:ﬁ;ggr BETAS ArLTED CMDEDT CHEMD
CHEMD )
CHrméa BFIELD EDEPR CMFEDT PROPEN
CHEMHR i?F?T
OAMLT GuBCKE NF SKMF
EDEPH PHENOM :
EDEPG FTHINT
ENEF RINTER CONSPC DERRTS
FREN
rasnx BF2 BKR1AD
- 10rOSU COORDV ARFL 1M
S CORDTF
FQANR BKP [ AD ATMOST GWPLNME
HEAVE ATHOSU igg;%;
WAL 1010S]
il BLKDTA INPUT 10MOSU
PMASS MAGFIT
SOFPIT
BTRACE FiINT
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Table 3 Continued)
SUBROUTINE [ CALLED BY | SUBROUTINE ! CALLED BY SUBROUTINE CALLED BY
COORDX CORDTF DOT CLOSE EIF EDFPR
EDEPR FBINT £2
£DEPG FBYINT INITAL
FRMHY GAIN RICATT
FBMLT MAGFLD
PHE NOM MANPTS ELDEN PTHINT
TOFRIT NINT
OMEGA
INPUTP PTHINT ENEF ARUNE
CORDTF AL
SEFA
CPSK FPCIR STR11 EN2VIB CHEMD
SATCIR TOPOID
TUtE EQCROS FBIHT
CROSS EOf PB o
FOOTPC DPSK CIR
LOCLAX SATCIR EQLAIR EHEMR
STRIT
CHEMHR
DATE COlinss SATCIR
DHSTAM EHFC
GWPLME i FOMH]
PHLMOM DRATL CHEMD
CHEMDO SAKLCAN
. FOAMR
DBMHT PRENGH INITAL ERFC CP5K
DELPSK
JOM DPSK
DBMLT PHEND OSTINT PROPEN pRoe
ERF
DBSTAM PHENONM
DTNEP CHEMD
EUXFIT FUMH]
DEBRIS PEDEP PIONF
PIONF DTNEG CHEMD
CHEMDO
FOAMH EXINTP WOGD
DECODE INPUT woGP
SATC WOND
SL INK DUSTMI PHENOM WOMNP
wOXC
WOXP
DEDEP g:gg“ EANOM ORPIT
FBER SORBIT EXPINT ATMOS I
ATMOSY
DELPSK FPCIR EDEPR DEDEP £2 EDEPR
SATCIR
EDEPG CEDEF FAC SANCAN
DIFINT FBEN
EDEPND CEDEP FBEN FBINT
DISTF EDL PG FRTINT
FOOTPC
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CALLED BY ]

SUBROUTINE CALLED BY SUBROUTINE CALLED BY SUBROUTINE
FBINT FOOTPC GAIN FPLNK HERCAN SAMCAN
PROFEN JAMND
NINT HPCHEM PIONF
FBITMD FBMHI SATLNK
FBMHT
GEOCOR ANTND HTOS AMRABS
FOQTPC
CORDTF
FBMHI PHE NOM DBSTAM FPINT
' PROPEN
DERRIS
DEDEP SAHE
FBMHT FBMH] i T
PHENOM FREN IDEFLT INPUT
FBINT
FBMLI PHENOM FBTINT INITAL CHEMD
FOOTPC
PHE HOM FPINT ; 3
FBMLT 3 CAPIE INPUT Ol g
INPUTP
FBTINT ANTND MAMPTS INPUTP INPUT
FPLNK PHENOM
UL 1ONLEK FRMHI
FNNO GNNO v ushi
SATLNK JONQSI CONWES
FOOTPC CONWES SATC
GNNO CHEMEF
FPCIR FPLMY 10NQSU CHEMD
GOX AMEABS CHEMDO
P EMNEF
SR AROVAS GWAT AMBABS
FPLNK FOOTPC GWPLME PHENOM JAMND SATC
FPPLOT FOOTPC HDINT FBEN JUL T AN ATMOS]
10NOS]
FQAMB 10H051 ;
10NOSU 12302 ERICSE LAGRAN ATMOSF
FBRMHI
FSKWB FPCIR HELP ATP?OSF HEAVE
SATCIR DBNMHT
DBMLT LEKSPC DEBRIS
DTNEQ
FSKWBQ FSKWRY DUSTMI
EDEPG LOCATE MOCEM]
FSKWRY FSKWH FOCRCS MOCEM2
FPINT MODEM3
OMEGA
F2ET DEERIS PHENCM
RADOUT
SOIL
STRI1
VOLUME
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Table 3  (Continued)
SUBROUTINE | CALLED BY | SUBROUTINE ' CALLED BY SUBROUTINE | CALLED BY
LOCLAX ANTND MANPTS PROPEN PCLOUD DSTINT
AZELR
CORDTF MATMUL ANTND PEDEP ATMOSF
EDEPB AZELR CMDEDT
FBEN COPDTF
FBINT EDEPD
FRMMT FBEN PGROUP DSTINT
FBMLT FBINT
FOOTPC FBMHT PHEAVE HEAVE
FPLNK FBMLT
MANPTS FPLNK PHENOM CONWES
NINT MANPTS
OMEGA NINT PH
PCLOUC OME GA 070D CMDEDT
RINTER PCLOUD
TOFBIT RINTER PHOTOR CHEMD
TOFOID TLTFLD CHEMHR
TORBIT
LOSCON FUMH] [CRC PIONF CMFEDT
ENEF
MISCAT PGROUP
MAGDIS BALFIT
BTRACE MODEM1 FPCIR PLINTP WOND
DBMHT SATCIR WONP
FBEN
FBMHT MODEM2 FPCIR PLYVAL RRMSTP
FOOTPC AR
HDINT
PHENOM PMASS EDEPB
MODEM3 FPCIP EDEPG
MAGFIT CONWES SATCIR EDEPND
PHFNOM PEDEP
SATC NFSKMF FPCIR PIONF
MAGFLD A P SLlS L PROPEN ANTND
NTN - JAMND
DBMHT NINT AeITsi SATL
DBSTAM FPL &
DEBRIS
PSDM DBSTAM
EDEPH NORMAL BOPSK =B
EgE:G PTHINT PROPEN
FBINT OMEGA NIUT
FBMH QCOSM 10MOS ]
FBTINT . _ 10MNOSUY
ECETT ONEMGS MAGFIT
FPLMK QFNTH DQP Sk
GWPLME ORE1T INFUT
oL RADOU PHEN
PHENCM ouT OM
PTHINT 0ZCNE ATMOSI
RINTER
TURE PCHEM PIONF
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Table 3  (Continued)
SUBROUTINE CALLED BY SUBROUTINE T‘CALLED BY SUBROUTINE CALLED BY
RATE CHEMEF SOLCYC ATMOSI TATSRT CREIT
CHEMHR TONOSI SORBIT
CHEMO
DRATE SOLORB ATMOST TEMPZH ATMOSI
FBEN IONOS1
JOMNOSU TEST NPUT
SOLZFM ATMOSI l
SORBIT COMWES ENEF
RINTER DSTINT PCHEM
EDLPB SPCTRM INPUT
EDEPG TFUNC FBEN
Ayl SPECDP CHEMD
FOOTPC s 0
MANPTS TLTFLD FOOTPC
NINT SPECDO CHEMD T
CHEMDO TORBIT SATC
RRMSTP INPUTP TOROID RINTER
START PROPEN
NCAN NF SKMF
N STRI!I FB UL AINTER
SATC CONWES INT
STRIP . UNITV AME.ABS
FBMH ANTND
SATCIR SATC ATMOSE
SUBVEC ANTNC OBMLT
AZELR EoepPB
SEPA AZELR EDEPR EDEPG
DEBRIS EDEPG ENEF
FBEN EDEPND FBEN
FBINY FBFN FBINT
FBNH; FBINT FBTINT
FOOTPC FBTINT FOOTPC
GAIN FOUTPC FPINT
GEOCOR FPINT FPLNK
GWPLME FPLNK JAMND
?53351 GWPLME LOCLAX
10NOS JAMND MAGFITY
s v MARPTS MAGFLD
NINT MANPTS
OMFGA NINT
PHOTOR PTHINT
SLOSE FPLNS PIONF RINTER
g:?NNx PROPEN SATC
L PTHINT SATLMK
R ] STR
SOIL DUSTMI e JUBE
SATLNK
STR11

TUBE




Table 3 (Lontinuea)
SUBROUTINE CALLED BY SUBROUTINE I CALLED BY SUBROUTINE CALLED BY
USERMD FPCIR FPLNK XMAG AMHABS
SATCIR GWPLME ANTND
JAMND ATHOSF
UVWAV PSLM LOCLAX AZFLR
MAGFIT CORDTF
UVWD GWPLME MANPTS DRSTAM
PSDM NINT DEDFP
PHENOM EDEPB
PIONF EDEPG
VECLIN ::$:gs PROPEN EDFPND
CLOSE RIMTER FREN
CORDYE SATC FRINT
EDFIoR SATL.NK FEMHT
FBE N TORBITY FBMLY
FRINT TOKO1D FBTINT
FRMHT F:OOTPC
FBNLT VOLUME ARRL IM EStht
FHYINT DBMLT HTOg
FOOTPC LDt PY T
FPINT NINT ‘
£
:235#2 WATER ATMOSI MANPTS
NINT NINT
PIONF woBn BETAS OME GA
PROPEN DBMLT PEDEP
PTHINT £DE PH PHENOM
RINTER RHOTOR
SATC WOGD EDEPG géSSEN
STRII .
TLTFLD PTHIN
N WOGP PEDFP RINTER
TORBIT ae
TORNID
WoG1 INPUT iATLNK
VECM AMRARS %E$:LD
ANTND WOND EDEPNC l-Ab3 1
ATMOSF :
CHEMD WONP PEDEFR
DBMHT 2l 2 ZTT0UT CONWES
CBMLY DRSTAM
DRSTAM S INPUT GWPLME
DERPLS 10MOS]
DEPEP wOXC EUXFIT PHLNOM
DSTINT FBMHI
FDEPH FBML §
‘ER
fhgg' WOXP PELEP
FBEN PTONF
FBRINT
FRMHT
FBYINT Woxi INPUT
FOOTRC
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Table 4, Routines using a specific
common block.
!
COMMON BLOCK USED IN COMMON BLOCK USED IN COMMON BLOCK | USED IN
AL TODN CANWES BE TAR ANTND ATUBE DFNEP
ATMUST RETAS FRINT
ATMOSI) FRTINT
ALKDTA BHEG CAMWES MANPTS
TEMPZIH ANTMD
ATMMISF BURSY CONWE S
ANTMP ANTND RETAS QETAS
RFTAS CHEMD) OHMH T
FATINT CMOENT DAMLY
FPLNK CMEEDTY OUSTMY
NINT DAMKT EDEPR
NBSTAM ENEPG
ATMOISN CONWE S DEPRIS £NEPND
AMBARS NENEP FLDEN
ATMOSI DUSTMT ENXKFTTY
CHEMD £DEPH FAINY
CHEMDQ ¢ENDEPND FRMH]
CHEMHR ELDEN FAaM 1
ENEF £ NEF FATINT
FOAMA EUXFTT IDEFLT
SPECOP FREN ol
FRINT INPHTP
FRT TN AN IS
ATMDST CHEMD PENEP
CHEMPO FANHY PHE NV
FAMHT HENY
NTNEP 1
DTNE W ::?%"
EN2VIH Fdnlgc CHEMAN CHEMEF
INTTAL FPLNK
SPECHP GWPLME
SPECNA mANPTS .
PCLOUL CHEMA PP HE
PFNEP FAEN
ATMOUuP CONWES PHE NMM FRINT
ATMIS] PHITOP FATINT
ATMOSII PHLITHR FONTPC
P TONF Sarc
RaADOWYY
BEDTY CHEMD STRIP
CMDFTY CHEMFR FREN
| ERINT
{ FOGTRC
l
|
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Table 4 (Continued)

COMMON BLOCK USED IN COMMON BLOCK; USED IN COMMON BLOCK USED IN
CHEMR CONKES CONST CNNNE S INNOSU
BLKOTA AMBARS JAMND
RATE ANTND MAGDIS
ARRL IM MAGF T
ATMOSF MANPTS
CHMOVL CHEMD ATMOST NF SKMF
FLDEN ATHOSU NINT
ENEF AZELR OMEGA
RALFITY NRRAIT
CINPUY CONWES B8NPSK 0OZ0ONE
ANTND HETAS PCLOUD
ARRL M AFTELD PENEP
BETAS ALKNTA PGROYP
CHEMD ATRACE PHENOM
CHEMDA coMB PTUNF
DBSTAM COORDV PMASS
CEDEP CNORD X PROPEN
NSTINT CNROTF PSOM
ELDEN DRMHT PIMINTY
ENEF DAML T ICOSmM
FREN DRSTAM RINTER
FAINT DEBRIS SANCAN
FNOTPC DELPSK SATCIR
FPLNK NPSK SATLNK
TI0EFLY OSTINT SEPA
INPUT ENEPQ SLuBE
INPUTP ENEPG SoLCvC
MANPTS ENFF SNLNORA
PHENOM EOCRNS SOL ZEN
PROPEN ERF SORHITY
PTHINT ¢RFC STRI]
SATCIR FAC TEMPZNH
SATLNK FRAFN TLYFLLD
YORBIT FRINT TORBLTY
FRMH] uUvwo
CIRDES CONWES FAMHY VOLUMF
IDEFLT FAML] wWATER
INPUT FAML Y 2TT0UY
INPUTP £NNTPC
SATC FPCIR DRREG CONNWE S
SLINK FPINT ARRL [M
FPLNK BRETAS
CL INK ANTND FePLNTY DAMMY
FPLNK FSKWR ORMLT
JAMND GELCR DRSTAM
SATC GWPLME NEDEP
SATLNK HDINTY ENEPB
SLINK HTNS ENEPG
IDEFLT FRINT
INPUT MANPTS
INPUTP PHENOM
IONOST
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Table 4 (Continued)

|

COMMON BLOCK USED IN COMMON BLOCK ; USED IN COMMON BLOCK | USED IN
OCREG CONWES EDTOVL CMFEQY HEAVE | CNNWES
DSTINT PROPEN ATHOSF
NUSTMT WE AVE
PCI OUD CNNWE S LAGRAN
PGROUP FRREG ANTND PHEAVE
PHENOM ATMNSF
SNIL RETAS INPTICM INPUT
DRMHT INPUTYTP
DRML T
DERDAY gf:;gf DENEP QI 10NOST
PCHEN OSTINTY 1NNNSU
ENEPH
P LONF
ENEPG JAMME R CONWES
FaEN IREFLY
OEVICE CNNNES FRAINTY ™I
RETAS FRAMNY INPUTP
DAMMT FRAMLT hRENE
DAMLTY FRATINT SanC
ENEPND FOOTPC
ELDEN FPLNK ‘
FRAINT CWPL ME LENGTH AALFIY
FBTINT NINT BTYRACE
INPUT PCLNUD NRMHT
INPUTP PHEN(IM EQCRNS
MANPTS PHOTYR FBEFN
PENEP RADOY FRAMHT
PHENNM STARTY FOOTPC
PIONF STRIP HOINT
w()RD MAGDIS
WOGD FOSRAT | CHEMD AHENYR
wnG 1 HEMON
-nﬁ: Enﬁuzn MAGL K CNNWES
wiix i DINED ANTND
DINEQR RFTELD
FRAME DEARTS
DIGMLIN ADP SK PHOTNR DEDNEP
Tl e ay
NELPSK FPCIRC ::CLP FRINT
2:2;K Ll FBTINT
FOOTP
Focin FPINTC FOOTPC FPLNKC
faKan FPINT 10NUS T
'2*:2: FPPLNOTY 1ONOSU
:A?CIR MAGF 1T
F CONWES MAGFLD
USERND nEacom ATMASF MANPTS
ENEF OMEGA
DTURE DFARTS :HENOH
MANPTS ROPEN
PENEP PYMINT
’ RINTER
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Table 4 (Continued)
COMMON BLOCK USED IN COMMON BLOCKI USED IN COMMON BLOCK USED IN
CNNWE S URIGIN CONNWES RAY ARRL 1™
el FPCIR OATE GWPLME
INEFLT ORSTAM PSDM
INPUT GWPL ME UYWAY
INPUTP 10EFLY UV
SATCIR INPUT
INPUTP REGINY Eg::ES
P N w ORBIY
OPTIO 537~53 PHENQOM MANPTS
BLKNYA SOLCYC PROPEN
CARDN PTHINT
CHEMD our CHEMD STARY
CHEMMR CMDEDT
CHMDEPT DINEQ RGEOM RINTER
CMFEDT FOAME TORNIN
ORMHT TURE
0BSTaAM
DERRIS PATH CINWE S
DSTINT INFUT
ELOEN TS
ENEF i SOURCE CMFEDT
FREN SATC ELDEN
FRINT SNRBJT ENEF
FBTINTY TORR]Y
N PHEN NE ! EQLAIR
SPLNK s EQLMTL
FPPLOT PAML T
LDE LT DRSTAM SPECEF CHEMEF
INREUT DUSTMI CHMTON
Ihpute FBMHT CHFEDT
JARND FAMHT ENEF
L W FAML I MPCHEM
NINT FAML T PCHEN
PCHEM GWPLME PIONF
PHENOM PHENNM
DIONF RADOUT SPECO CHEMA
PROPEN
PTHINT ENEF
NG PROP SNTND
SATCIR DSTINT SPECW CONWE S
SATLNK e INPUTY
SORBIY FPLNK SPCTRM
L {o]r}]
JAMND Ront
MANPTS NOX{
PROPEN
PTHINT SPEEDS PSOM
SATC UVMAY
SATLNK
STARTY
STRI]
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Table 4 (Continued)

COMMON BLOCK | USED IN COMMON BLOCK[ USED IN
sSsvs CONNES wWEDEPOD CONWES
ANTND BLKDTA
FPLNK CHXSPC
IOEFLY CONSPC
INPUT DERRIS
INPUTP LEKSPC
JAMND
SATC CINWES
SATLNK nOe STE0
SLINK wOGP
w6y
STRIIN FRINT
STRI]
wWOIN an'ES
wOIND
TIME CONNKES a(OINP
ATMUST wONT
ATMNSU
ORSTAM .
TONOSU w0 XP
JULTAN wOX 1
UZQONE
PHEN(™
SATC WRATE CMDEDT
soLCycC DRATE
SOLORA NINEP
SNLZeN DTNEQ
: TEMPZIN INTTAL
wATER SPECDP
271Ny Y SPECDN
RTPACE WRATEH DRATE
TRACE E b SPECOP
HPCHEM WS GWPLME
TSTEF PCHEN TOR Psnh 3
PIUNF uvwn
TSYS CONWES IHTEMP ATMOS ]
ANTND ATMNSI)
FPLNK TEMPZH
IDEFLY
INPUT
INPUTP
JAMND
SATC
SATULNK
SL INK
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SECTION 3
ROUTINE DESCRIPTIONS

A description of inputs and outputs transferred through the call
statement and a list c¢f inputs and outputs transferred through labeled common
blocks are given in comment statements at the beginning of cach routine., A

description of quantities in labeled common blocks is given in Table 5,

Most of the routines used in the WESCOM code are modified versions
of routines developed for the WEPH code. However, as indicated in the following
descriptions routines developed for the SATL, ROSCOE, and WOL codes have also

been modified for use in the WESCOM code.,
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Table 5. Quantities stored in labeled
common blocks.

COM4ON BLOCK QUANTITY DESCRIPTION
ALTODN (Atmosphere ALTKM Altitudes used for atmospheric calculations
Common) in routine ATMOSF
ZHT Altitudes used for temperature and ozone
calculations in routine ATMOSI
ANTMP (Noise Common) BEAM Antenna beam efficiency
DEPTH Effective distance into the fireball pro-
ducing thermal radiation (km)
FREQN Frequency (MHz)
KEYN Code describing location of fireball in
antenna beam
KPLME Code describing fireball z-axis curvature
N Fireball index
NCFB Index of fireball closest to receiver in
beam center
RBO Antenna beam width (radians)
RC Side lobe gain relative to RGO
RGO Main beam gain
RXKO Side lobe specification
SRFBE Slant ranges to entrance and exit inter-
SRFB8X sections with fireball
TANT Normalized antenna temperature
TASUM Antenna temperature summation for fireball
loop (K)
TIME Calculation time (s)
uv Transformation matrix from tangent plane to
earth centered coordinates
VBEAM Antenna pointing direction vector (km)
VR Receiver location vector (km)
VSPA Sight path vector to fireball (km)
vZz Fireball reference vector (km)
ATMOSN (Atmosphere AC02
Common) . -3
Concentration of C0,, H, ... 03 (em )
A03
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
ATMOST (Atmosphere cco2
Common) CH
. Concentration of C0,, H, ... 04 (cm'3)
Cb3
HRHO Density scale height (km)
L p Pres:iure (dynes cm'z)
RHO Density (gm cm'3)
TEM Temperature (K)
ATMOUP (Atmosphere ACO2T
Common) AHO2T
. Concentration of C0,, HO,, ... 0, (cm'3)
AO3T
FDAY Day profile of mean molecular weight
FHR120 Density scale height term
GAMT Coefficient of Mi in equation for Yi
HRHO Density scale height
HRO110 Density scale height at 110 km
PP | Pressure (dynes cm'z)
B RHO Density (gm cm'3)
SA (TIF-TZ)/TIF
SB Approximate derivative of density scale
height at 110 km
SNIZ Species densities at 120 km (cm™>)
TAU Temperature gradient at 120 km
TIF Exospheric temperature (K)
TT Temperature (K)
T2 Temperature at 120 km (K)
BEDIT (D-region Edit EDP Energy de?osited by prompt radiation
Common) (ergs gm=!)
EXPD Fraction of 03 remaining after thermal
radiation
INDEX Indices of bursts affecting D-region neutral
species
NPBC Index of last burst in INDEX
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COMMON BLOCK QUANTITY UEDULKIP I 1UN

BETAB (Beta Sheath DBBETA Absorption through beta sheath (dB)
Common) ETAS Beta sheath reflection coefficient
FSCA Scaled frequency used for reflection coef-

ficient calculation
HPBETA Altitude of field point (km)
0 Beta sheath absorption

MBETA
1 Absorption and reflection coefficient
NBETA Fireball index
RHOBET Fireball air density (gm cm'3)
BREG (Burst Common) AENE Apogee N, (cm'3)
AHF Apogee reference altitude (km)

AHMAXF Apogee maximum altitude (km)
ARMINF Apogee minimum altitude (km)

AHSNE Apogee No_scale height aiong longitudinal
axis (cm=3 km-1)

AHE vk Apogee density scale height along longitudinal
axis (km)

AHTF Apogee temperature scale height along longi-

tudinal axis (km)
ALPHUV UV parameter

AR!:OF Apogee mass density at fireball bottom
(gm cm-3)
ARLF Apogee longitudinal dimension (km)
ARTF Apogee transverse dimension (km)
ATF Apogee temperature (K)
ATILTF Apogee tilt angle (radians)
AVFBO Apogee earth centered vector location (km)
AXL Apogee longitudinal positions (km)
DBV3 Debris volume when fireball is 3000 K (km’)
DECANB Magnetic declination angle at burst noint
(radians)

DIPANB Magnetic dip angle at burst point (radians)

ENERGY Number of photons in 4.135 to 7.255 eV band
(1.E-18 photons)

EQRHOF Mass density at bottom of fireball at te

(gm cm-3) 9
FNEUT Burst point density scaling parameter
FUVT Fraction of hydroenergy converted to UV
HB Burst altitude (km)
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Table 5 (Continuea)

COMMON BLOCK QUANTITY DESCRIPTION
BREG (Continued) HBOT2 Altitude of fireball bottom when fireball

temperature is 2000 K (km)

HS8 Density scale height at burst point (km)

HSNFAOQ Average scale height between bottom and center
of initial fireball (km)

HSTOP Stopping altitude for ballistic fall of ioniza-
tion (km)

HS2000 Density scale height at bottom of fireball
when fireball temperature is 2000 K (km)

IBURST Burst index

IDAYB Time of day at burst time (day or night)

IFBRM Fireball merge flag

KFB 0 if fireball bottom goes above HSTOP, 1 if
below

KINDFA Apogee fireball shape

LHVB 1 if burst causes heave

LMCF 1 if low altitude burst, 0 if high altitude
burst -

MRGID Merge index

PB Pressure at burst po dynes cm'z}

RCHEX Charge exchange characteris

RDUV Downward UV radius (km)

RDZERO | Initial downward radius (km)

REFT Initial vortex surface temperture (K)

RHOB Burst point mass‘density {gm cm ~)

RHOFO Initial bottom m3§s density (gm cm'3)

RHUV Horizontal UV radiys (km)

RHZERO Initial horizontal kadius (km)

RH2000 Fireball density whe\ fireball temperature is
2000 K (gm cm-3)

RH3000 Fireball densiSy when fireball temperature is
3000 K (gm cm=?)

RIONL Ion leak characteristic Yadius (km)

RLOSC Loss cone characteristic radius (km)

RM Magnetic containment radiug (km)

RUZERO Initial upward radius (km)

TAPOGE Apogee time /-] \

T8 Burst time (s)
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
BREG (Continued) TEMB Temperature at burst point (K)
TEQ Magnetic containment time (s)
TFO Initial fireball temperature (K)
TF2 Magnetic freezing time (s)
TMAX Time for all parcels to fall (s)
TMRG Merge time (s)
TTC Time of completion of torus formation (s)
T Time of end of first expansion phase (s)
T2 Time at end of second expansion phase (s)
T3000 Time when fireball temperature is 3000 K (s)
VB0 Earth centered vector to burst location (km)
VMAXD Heavy particle velocity (km s'])
VMFBO Earth centered vector location of dipole for
burst (km)
VKO Earth centered vector location of heavy
particle reference location
VMIND Heavy particle velocity (km s'l)
W Burst yield (MT)
WCHEX Charge exchange yield (MT)
WILD Ion leak yield (MT)
WLCD Loss cone downward yield (MT)
WUV UV yield (MT)
XEMAX Position of parcel in apogee fireball that
stops at equator (km)
XEST Position of parcei in apogee fireball that
goes above HSTOP (km)
XMFB Wake parameter
XMSD Wake parameter
BTUBE (Beta Tube HBETA1 Altitude of lower beta tube intersection (km)
Common) HBETA2 Altitude of upper beta tube intersection (km)
KBS Beta sheath flag
BURST (Burst Input ICONJ Burst location flag
Common) 10 Device index
IS Surface index
NB Number of bursts
TBI Burst time (s)
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Taple 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
BURST (Continued) VBIO Earth centered vector to burst location (km)
CHEMAN (F-region Chem- | ALPHA) Atomic ion recombination rate (cm3/s)
istry Common) ALPHA2 Molecular ion recombination rate (cm3/s)
AMOLP Molecular ion concentration (cm'3)
BETA1 %:f?§tive loss rate due to volume expansion
DELEV Energy returned from chemistry (eV/cm3)
DELT Time interval (s)
EXPAND Time average volume expansion ratio
Q Total ion pair production rate (cm'3 s'])
RHO21 Ratio of density at time tp to density at
time t,

XK(1)M Mean rate coefficient for reaction I

CHEMB (Fireball Chem- FE Entrainment fraction

istry Common) FEQN Entrainment fraction at 2000 K
FUVTC Fraction of hydroenergy converted to UV
LFPCJ Conjugate region flag
LFPCS Footprint calculation flag
Q Ion pair production rate (cm'3 s'l)
RAL Aluminium density (gm cm'3)
RHO Air density (gm cm'3)
RHOALQ | Aluminium density at time TEQM (gm cm™°)
RHOEQ | Air density at TEQ (gm cm™3)
RHOEQM | Air density at TEQM (gm cm™3)
RHOEQN | Afr density at TEQN (gm cm™3)
RHOHB Burst point air density (gm cm'3)
RHOI Initial air density (gm cm'3)
RHOUQ Uranium density at time TEQM (gm cm'3)
RU Uranium density
TEQC Magnetic equilibrium time (s)
TEQM Time after burst when temperature is TFEM (s)
TFB Fireball temperature (K)
TFEM Non-equilibrium metal ion temperature (K)
TFEN Non-equilibrium neutral air species tempera-
ture (K)

TFI Initial temperature (K)
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
CHEMB (Continued) T08 Burst time (s)
Xi Scaled distance from fireball bottom
CHEMFB (Fireball Chem-| EMNEFP Electron density (cm'3)
istry Common) FPXL Distance from earth's surface measured along
geomagnetic field line (km)
HSNEFP Electron density scale height (km)
HSTFFP Temperature scale height (km)
JNFBFP Fireball index
TFBFP Temperature (K)
CHEMR és, BR, Reaction rate coefficient parameters
CHMOVL (F-region Chem-| ENEC Electron density (cm'3)
istry Common) ENPC Positive ion density (cm'3)
HPC Altitude (km)
IALT Altitude index
IONC Ionization flag
NPBX Number of prior bursts
VEIC electron-ion collision frequency (s'])
VEMC Electron-neutral collision frequency (s'])
VHEAVE Heave velocity (km/s)
VIMC Ion-neutral collision frequency (s'])
VPOC Earth centered vector to field point (kn)
CINPUT (Input Common) IDAY Time of day (day or night)
JNDB Debris region index
JNDC Dust cloud index
JNFB Fireball index
JTIME Calculation time index
LNCNT Output line count
NPROB Problem number
NT Number of calculation times
PROB Problem heading
T Calculation times (s)
TESTIP Input test flag
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Table 5§ (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
CIRDES (Circuit Common){ IDL System indexes for downlink
ISSL System indexes for satellite-to-satellite link
ITIV Ground terminal index
ITI2 Satellite terminal index
ITi3 Satellite terminal index
ITI4 Ground terminal index
IUL System indexes for uplink
NC Number of circuits
CLINK (Link Common) INDEX Circuit index
JLINK Link index
K1, K2, System indexes for specified link
K4, K4
LFLAG Propagation calculation flag
LINK Circuit index
t;: tg’ Terminal indexes
NFLAG Noise calculation fiag
CONST (Constant Common)| G Acceleration of gravity (km 5'2)
PI L
RADIAN /180
RE Earth's radius
RHOG Air density at earth's surface (gm cm'3)
XNHAT Earth centered unit vector to geographic
pole (km)
DBREG (Debris Region DB Beta sheath thickness (cm)
Common) DISTD Debris distribution parameter
FEI Fraction of beta energy that escapes debris
region
FEO Fraction of escaping energy deposited in
beta sheath
HBETA Beta source altitude (km)
HD Debris altitude (km)
HMAXD Maximum debris truncation altitude (km)
HMIND Minimum debris truncation altitude (km)
HSND Debris scale height (km)
IXDBB(L) [Burst index associated with Ltk dust cloud
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
DBREG (Continued) IXDBFB Fireball index associated with Lth debris
region
KBET Beta sheath flag
KINDD Debris region geometry flag
NDB Number of debris regions
RLBETA North-south radius of beta source plane (km)
RLD Longitudinal debris radius (km)
RTBETA East-west radius of beta source plane (km)
RTD Transverse debris radius (km)
TILTD Debris tilt angle (radians)
VDBO Earth centered vector to debris reference
point (km)
YOLD Debris volume (km)
WBD Beta source fission yield (MT)
WFD Gamma source fission yield (MT)
XLO Larmor radius outside debris region (cm)
DCREG (Dust Cloud ABAR Particle size group boundary values (cm)
Common) DIECR Real part of index of refraction
DIECI Imaginary part of index of refraction
FNP Fraction of particles in each group
IMAXP Index of maximum particle group lofted
IXDCFB(L) [ Fireball index associated with Ltk dust cloud
JGROUP Group index
NDC Number of dust clouds
NPG Number of particle groups
RHODP Particle mass density (gm cm'3)
SIGB Average Backscatter cross section for each
group (mé¢)
SIGE Average Sxtinction cross section for each
group (m¢)
TP Total number of particles in all groups
\MLOD Dust loading factor (MT/MT)
DEPDAT (Prompt Energy ERGU(L) Photon energy for UV group L (erg)
Common) PREFF(L,I)| Pressure efficiency for energy group L and
species 1
SIGU(L,I) [UV absorption cross _section for energy group

L and species I (cm?)

60




Table 5 (Continued)

COMMON B8LOCK QUANTITY DESCRIPTION
DEPDAT (Continued) THRESH(1) | Effective threshold for absorption of UV
photons by species I (erg)
DEVICE (Device Common)| FEDG Fraction of weapon energy radiated as prompt
gammas
FEDH Fraction of weapon energy in hydro
FEDN Fraction of weapon energy in neutrons
FEDX Fraction of weapon energy radiated as X-rays
FF Fission fraction
FMAL Fraction of weapon mass that is aluminum
FMUR Fraction of weapon mass that is uranium

FTHERM Fraction of fissionable material that is
fissionable by thermal neutrons

Wl Weapon yield (MT)
WMASS Weapon mass (g)
DIGMOD (Signal Proces-| A Ratio of bit period to decorrelation time
sing Common) | perp scintillation index function

DGLRAT 1 - 1/MARY
DISPAR Dispersion parameter

EBNO Bit energy-to-noise ratio

ENNOR Chip energy-to-noise ratto

GAMMA Normalized energy-to-noise ratio

GPR Function of number of modulation states

MARY Number of modulation states

NINFOB an(MARY)

S4 Scintillation index

TAU Decorrelation time (s)

WT Product of chip period and frequency senaration
DTUBE (Debris Kinetic LDKE Radiation source flag

Energy Common)

EDTOVL (F-region Burst| HFTEST Test altitude (km)
Edit Common) | jueepr | Last burst index

JPBEDT Index of last burst producing F-region
ionization

VPO Earth centered vector to test location (km)
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Table 5 (Continued)

COMMON 3L0OCK QUANTITY DESCRIPTION
FBREG ggg: Q:g’ Coefficients for parcel location

BVAL OQval of Cassini parameter

CFB, CFC | Coefficients for parcel location

ENE1DF Diffusion ionization parameter (cm-3)

HF Fireball reference altitude (km)

HLDF Hydrostatic scale length (km)

HMAXF Maximum altitude (km)

HMINF Minimum altitude in burst region

HMINFC Minimum altitude in conjugate region (km)

HSNF ?Eniity scale height along longitudinal axis

m

KINDF Shape indicator

KPB Burst region parcel indicator (0 = none)

KPC Conjugate region parcel indicator

NFB Number of fireballs

POER TherTgl power ra?{ated in specified bands
(10 photons s-!)

RDOT Radial expansion velocity (km s'])

RHOF Bottom density (gm cm3)

RLF Longitudinal radius (km)

RTF Transverse radius (km)

RLFC Conjugate longitudinal radius (km)

RGEOM Radial geometry factor used in FBEN

RMAXDF Radius from earth center to maximum altitude
on field 1ine (km)

RMAXF Distance from earth center to field line at
equator (km)

RPDF Radius from earth's center to diffusion ioni-
zation peak (km)

RTREF Radius of reference Oval of Cassini (km)

RVL LAFBP - vortex longitudinal radius (km)

RVT LAFBP - vortex transverse radius (km)

SPLEX Power law exponent

SSCAI Inner scale length (km)

SSCAO Outer scale length (km)

TDEB Debris temperature (X

TF Temperature (K)
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
FBREG (Continued) TILTF Tilt angle (radians)
TVORT Vortex surface temperature (K)
VARNEN Electron density variance (cm'6
VFBO E?rth centered vector defining central field
ne
VFBVEL E§rth centered ‘gctor defining velocity of
fireball (km s-1)
vov Vortex volume (km’)
XLLDF Hydrostatic scale length along field
line in diffusion fireball (km)
L. Netural density vertical scale height
in diffusion fireball (km)
XLPDF
Distance from earth's surface to peak of
diffusion ionization (km)
FDSRAT (Fireball Photod FDIS3
dissociation Common) .
Photodissociation rate (s)
FDISY
FDT1
’ Photodetachment rate (s)
FOTS
FPCIRC (Footprint Cir-| BWL Noise bandwidth (MHz)
cuit Common) DNOSA Ambient noise density (w Hz‘l)
DNOSD Disturbed noise density (W Hz))
ENTOT Electron density integral (cm'z)
FREQGH Frequency (GHz)
FZEROL Frequency selective bandwidth (Hz)
110D Modulation index
KALSN Signal-to-noise option
KFMFP FM modulation flag
PERF?P Probability of bit or sessage error (s'])
SIGFS Ambient signal strength (W)
SIGND Disturbed signal strength (W)
SPHIL rms phase fluctuation (radians)
SPSIL rms angle of arrival fluctuation (radians)
S4L Scintillation strength index
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
FPCIRC (Continued) TAUZL Decorrelation time (s)
FPINTC (Footprint In- HR Receiver altitude (km)
terpolation Cormon) | yeMep | FM modulation flag
NI Scarn number ending first set of contours
NI2 Scan number starting second set of contours
NN Total number of scans
NPK Number of paths for specified scan
NPKM Index of path with maximum propagation effects
QT Propagation quantities
QTl Interpolated propagation quantities
SKD Distance from origin to paths
TLAMAX | Minimum and maximum latitudes for scan
TLAMIN | | (deg)
TLATFL Latitude of central field line (deg)
TLATRD l.atitude of calculation paths for scan (deg)
TLATRI Latitude of paths for interpolated propagation
quantities (deg)
TLOMAX | |Minimum and maximum longitudes for scan
TLOMIN‘ (deg)
TLONFL Longitude of central field line (deg)
TLONRD Longitude of calculation paths for scan (deg)
TLONRI Longitude of paths for interpolated propaga-
tion quantities (deg)
VPO Earth centered vector to field point (km)
VR Earth centered vector to receiver terminal (km)
VXP Earth centered path direction vector (km)
HEACOM (Heave Interpo- ! HPINT Altitude (km)
lation Common) NINT Number of interpolated points
RHOINT | Density (gm cm™3)
TINT Time after burst (s)
HEAVE1 (Heave Common) A )
: ’ Calculation quantities used in heave model
ZRSS
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
INPTCM (Input Common) BCORD1
) Transfer of internal input quantities between
routines INPUT and INPUTP
VROO
IONOUP (Ionosphere BA ' . ;
Common) BB ‘ Booker interpolation parameters
IONOUP (Continued) BNER Electron density at reference point (cm'3)
BZ Transition altitudes (km)
RZR Reference altitude (km)
H1 Upper altitude of production rate fits (km)
XION Ionosphere fit quantities
JAMMER (Jammer Common) | DJAM Jammer noise density (W Hz'l)
1JS Index of satellite terminal
T Index of ground terminal
NJ Number of jammers
vJo Earth centered vector to jammer (km)
LENGTH (Field Line COoSLO Colatitude of earth intercept (cosine)
Geometry Common) RMAX ?ad;us from earth center to maximum altitude
km
XLMAX Length along field 1ine from earth's surface
to maximum altitude (km)
MAGLNK (Magnetic Dipolg COSLTO Colatitude of south pole (cosine)
Common) PHIO Latitude of south pole (radians)
SINLTO Colatitude of south polc (sine)
VMFO Earth centered vector to north pole
XMVO Magnetic moment (gauss km3)
MODULT (Modulation AMDAT Modulation parameters
Common) LPMIDX  |Modulation index
LPMAOD Modulation type
NM Number of moder:s
OPTION (Option Common) | IBI, ICXI,
1GI, IGDI,
IILI,
el Radiation options
INDI,
IUVI, IXI
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
OPTION (Continued) ID1, ID2,

ﬁ:tgg;: Dummy vai-iables
MD1, MD2
IFPE
IFPLOT Feacprint output options
1FPP
IFPS
I0UT
IOUTE Output options
10UTP
KALCFP Footprint calculation option
KALCS Satellite circuit calculation option
LFDO
LFIDO
LFIN File numbers
LFINT
LFNO
LFPLOT
MAMB
MFREGI Model options
MNATN
MWIND

ORIGIN (Origin Common) { IDAYSO Day of the month
INONSO Number of the month
IYRSO Number of the year in the 1900s (1974 is 74)
PLATO North latitude (radians)
PLONO East longitudr (radians)
SBAROQ Sunspot number
ALY Local zone time (decimal hours)

OUT (Output Common) A Attachment rate (s)
ALPHAD Electron-ion recombination coefficient

(cm3 s-1)

ALPHAI Ion-ion recombination coefficient (cm3 s'])
D Detachment rate (s)

PATH (Propagatio. Path | LPSGOM Satellite geometry option

Common ) LPTGOM Ground terminal geometry option

NGT Number of ground terminals
NST Number of satellites
SORBP Satellite orbit parameters
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lable b {(Lontinuea)

COMMON BLOCK QUANTITY DESCRIPTION
PATH (Continued) TORBP Ground terminal motion parameters
VSO Earth centered vector to satellite (km)
VSOV Earth_?intered sateilite velocity vector
(km s
VTIO Earth centered vector to ground terminal (km)
V10 Earth centered vector to ground terminal (km)
VTOV Earth $entered ground terminal velocity vector
(km s=1)
PHEN (Phenomenology PH1
Common) ' Temporary storage of quantities used in
phenomenology models
PH6
PROP (Propagation DBSTOP Maximum circuit signal loss (dB)
Common ) DBSUM Absorption due to ionization (dB)
DBWVAO Absorption due to water vapor and molecular
oxygen (dB)
DJAMS Jammer noise density (W Hz'l)
DNOISA | Ambient noise density (W Hz™l)
DNOISE | Disturbed noise density (W Hz™!)
DREGDB D-region absorption (dB)
ENFAR Faraday rotation (radians)
ENSUM Electron density integral (cm'z)
FREQ Frequency (MHz)
FZERO Frequency selective bandwidth (Hz)
FZEROR Frequency selective bandwidth for reverse prop-
agation direction (Hz)
IXFBNM Fireball index
KDIR Propagation direction flag
KODE Prop: gation effects code
LJLINK Link index
LL Circuit index
LLINK Propagation index
LNINK Noise index
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
PROP (Continued) MODE Calculation option
SMAX S1snt range between terminals (km)
SPHI rms phase fluctuation (radians)
SPSI rms angle of arrival fluctuations (radians)
SPSIR rms angle of arrival fluctuation for reverse
propagation direction (radians)
S4s Scintillation strength index
TAUZ Decorrelation time (s)
TAUZR Decorrelation time for reverse nropagation
direction (s)
VRO Earth centered vector to receiver terminal (km)
VROV Earth centered receiver terminal velocity
vector (km/s)
VSP Earth centered propagation direction vector
(km)
VX0 Earth centered vector to transmitter terminal
(km)
VXov Earth centere? transmitter terminal velocity
vector (km s~')
XVBAR Relative velocity between striations and
propagation path (km s-1)
RAY (Atmospheric ARRAY Air parcel location
Wind Common)
REGINT (Region Propa- DBCODE Absorption maximum
gation Common) DBDC Dust cloud attenuation (dB)
DLO Minimum integration step size (km)
DL2 Maximum integration step size (km)
DSNOM Nominal integration step size (km)
ENCODE Ionization maximum
INDMP Mandatory points flag
KODEA geometrical region code
KODEG Incremental absorption code
KODEP Ionization code
NGAMMA Number of low-altitude ionization sources
NHOUT Output flag
NMP Number of mandatory points
HPBFRG Number of F-region fonization bursts
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
REGINT (Continued) SGAMMA Slant range from transmitter to point of maxi-
mum ionization due to low-altitude jonization
source (km)
SMP Slant range from transmitter to mandatory
points (km)
SMPMAX Maximum slant range to mandatory point (km)
SMPMIN Minimum slant range to mandatory point (km)
SR8T Slant range from transmitter to beta tube
intersections (km)
SRFB Slant range from transmitter to fireball
intersections (km)
RGEOM (Geometry Common)| RDVEC Position vector (km)
SPHAT Path direction vector (km)
XMHAT Magnetic pole direction vector (km)
SIGCOM (Circuit Common){ BWL Noise bandwidth (MHz)
DJAMSL Jammer noise density (W Hz'l)
DNOSA Ambient noise density (W Hz'l)
DNOSD Disturbed noise density (W Hz'l)
ENTOT Electron density integral (cm'z)
FREQGH Frequency (GHz)
FZEROL Frequency selective bandwidth (Hz)
IMOD Modulation index
ISIGPR Signal nrocessing flag
KALSN Signal-to-noise ratio flag
NCIR Circuit index
SIGFS Ambient signal strength (W)
SIGND Disturbed signal strength (W)
SPHIL rms phase fluctuations (radians)
SPSIL rms angle of arrival fluctuation (radians)
S4L Scintillation strength index
TAUZL Decorrelation time (s)
SOURCE (Heavy Particle | LPRT Ionization flag
Ionization Command)
SPEC (Fireball Ioniza-| BAL Number of aluminum atoms
tion Common) BN Number of nitrogen atoms
80 Number of oxygen atoms
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Table 5 (Continued)

COMMON BLOCK

QUANTITY

DESCRIPTION

SPEC (Continued)

SPECEF (F-region Ioni-
zation Common)

SPECQ (F-region Ioniza-
tion Common)

SPECW (Device Spectrum
Common)

-
.
%
.
, |

PRES
QAMB

RHO

TEL
TVIBN2
TIF, T2F

A02

cop
TE
TG
TV

FEDGD
FEDHD
FEDND
FEDXD

Number of uranium atoms

Species concentration (em3)

Equilibrium constants

Normalized values for BAL to BU

Species concentrations (cm'3)

Pressure (dynes cm'z)
Ion-pair production rate (cm
Air density (gm cm'3)
Electron temperature (K)
Molecular nitrogen vibrational temperature (K)

Time at beginning and end of deionization
time step ?

-3 s'])

Species concentrations (em™3)

Electron temperature (K)
Gas temperature (K)
Molecular nitrogen vibrational temperature (K)

Prompt gamma yield fraction
Hydro yield fraction
Neutron yield fraction
X-ray yield fraction
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
SPECW (Continued) FFD Fission fraction
FMALD Fraction of weapon mass in aluminum
FMURD Fraction of weapon mass to uranium
SPECGD Gamma ray spectrum specification
SPECND Neutron spectrum specification
SPECXD X-ray spectrum specification
WMASSD Weapon mass (gm)
SPEEDS (Atmospheric UVW Air velocity (m s'])
Wind Common
SSYS (Satellite Sys- ISAD Antenna direction option
tems Common) ISASL | Side lobe option
ISATYP Antenna specification option
ISMOD Not used
ISRN Input noise specification option
ISTMOD Modulation index
NSANT Number of antennas
NSRCV Number of receivers
NSXMT Number of transmitters
SADAT Antenna quantities
SASLG Side lobe gain relation to main beam (dB)
SRBW Receiver noise bandwidth (MHz)
SRNTEM Noise temperature (K)
STFREQ Transmitter frequency (MHz)
STPWR Transmitter power (W)
VSAD Earth centered antenna direction vector (km)
STRIIN (Scintillation CTHETZ Colatitude of point (cos)
Common) DNESB Electron density variance (cm'6)
DSMX Maximum slant range of ionization from
transmitter (km)
EN Power law exponent
FREQH Frequency (Hz)
ISTOP Striation velocity flag
LINK Propagation path index
RP Radius from earth center to field point (km)
RTH Equivalent radius (km)
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Table 5 (Continued

COMMON BLOCK QUANTITY DESCRIPTION
STRIIN (Continued) ST Slant range between transmitter and re-
ceiver (km)

SX Slant range from transmitter to field point
(km)

VBHAT Unit vector (earth centered) normal to
magnetic field (km)

VSPH.” %argh centered propagation direction vector

km

wi Earth centered velocity vector for trans-
mitter (km s-1)

vv2 Earth centered velocity vector for fireball
(km s-1)

3 Earth Centered velocity vector for receiver
(km s-1)

XLI Inner scale length (km)

XLO Outer scale length (km)

TIME (Origin Common) CHI Zenith angle of the sun (radians)

FST Fractional summer - one on 1 July and zero
on 1 January in northern hemisphere and re-
versed in southern hemisphere

FYR Fractional season year - zero on 1 January in
northern hemisphere and zero on 1 July in
southern hemisphere

GAT Greenwich apparent time (decimal hours)

HL Local apparent time (decimal hours)

IDAYS Day of the month in Greenwich time zone

IDORN Time of day (+ 1 day, - 1 night)

IMONS Number of the month in the Greenwich time zone

IYRS Number of the year in the 1900s (1974 is 74)

PLAT North latitude of origin (radians)

PLON East longitude of origin (radians)

SBAR Average 10.7 - cm solar flux (1.0x10722
wme Hz))

ut Unjversal time corresponding to the zone time
ZT (decimal hours)

JA| Zone time for the 15-degree longitude inter-
val containing PLON (decimal hours)

TRACE (Geometry AHMIN Altitude of lowest air parcel in apogee

Common)

fireball (km)
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Table 5 (Continued

COMMON BLOCK QUANTITY DESCRIPTION
TRACE (Continued) ALT Altitude of air parcel in apogee fireball (km)
CONJ Conjugate flag
DELH Altitude separation between air parcels in
apogee fireball (km)
DELV Velocity change between air parcels in apogee
fireball (km s-1)
HALT Altitude of air parcel at time T
RAPOG Radius from earth's center to air parcel
apogee altitude (km)
T Calculation time (s)
TAC Fireball apogee time (s)
TPAP Time when air parcel reaches apogee (s)
TPHS Iige when air parcel reaches stopping altitude
S
VHBOT Velocity of lowest air parcel in apogee fire-
ball at apogee (km s-!)
XJP Air parcel index
XLT Distance from earth's surface to air parcel
at time T measured along magnetic field line
(km)
TSTEF (Heavy Particle BUF2(1) Change in electron concentration (cm'3)
Tonization Common) BUF2(2) Change in N(4S) concentration (cm'3)
BUF2(3) Change in N(ZD) concentration (cm'3)
BUF2(4) Change in 0 concentration (cm'3)
BUF2(5) Change in N concentration (cm'3)
BUF2(6) Change in 0, concentration (cm'3)
BUF2(7) | Change in N* concentration (cm™3)
BUF2(8) Change in 0% concentration (cm'3)
BUF2(9) Change in 0 excitation energy and electron
thermal energy per electron (ev/electron)
BUF2(11) [ Change in N% concentration (cm'3)
BUF2(12) | Change in 0; concentration (cm'3)
DAIXX X-ray energy deposited {arg gm'])
FLUX Fluence of the Lth UV group (erg gm'])
TSYS (Ground Terminal FREQO2 Frequency (MHz)
Systems Common) 102M00 | Modulation index
ITASL Side lobe option
ITATYP Antenna specification flux
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
TSYS (Continued) ITRN Input noise specification option
ITTMOD Modulation index
KALCSN Signal-to-noise calculation option
NTANT Number of antennas
NTRCV Number of receivers
NTXMT Number of transmitters
STNO2 Signal to noise ratio (dB)
TADAT Antenna quantities
TASLG Side lobe gain relative to main beam (dB)
TRBW Receiver noise bandwidth (MHz)
TRNTEM Noise temperature (K)
TTFREQ Transmitter frequency (MHz)
TTPWR Transmitter power (W)
WEDEPO (Heavy Particlel] ALPHAl Elastic portion of the heavy-particle stopping
Ionization Common) cross section for 0 on N (eV cm2 atom-1)
ALPHA2 Elastic portion of the heavy-particle stopping
cross section for Al on N (ev cm¢ atom-1)
l AM Mass of mass-15 particle
BETA1 Coefficient of the square root of the energy
in the inelastic portion of the heavy-particle
sgggpin cross-section for 0 on N
(/eV cmé atom-1)
BETA2 Coefficient of the square root of the energy
in the inelastic portion of the heavy-particle
stopping cross-section for Al on N
(/eV cmé atom-1)
CMTKM cm to km (km cm'])
EMTERG | MT to ergs (ergs MT™))
EMITEV | MT to ev (ev MT™')
EPSLN ev to ergs (ergs ev'l)
IWK Number of energy groups used in approximating
the heavy particle energy deposition
SM Mass of mass-15 particle
WOG (Gamma Deposition PMG Penetrated air mass array for which energ%
Common) deposition parameters precomputed (gm cm=¢)
UBARGP Prompt gamma ray energy deposition coefficient
(cm? gm=1)
UBARGD Delayed gamma ray energy deposition coeffi-

cient (cm¢ gm-1)
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
WON (Neutron Deposi- CHB Burst point nonuniform air correction factor
tion Common) o . .
CHD Deposition point nonuniform air correction
factor
ENL Mean free path array
EXPQNE Neutron elastic scatter energy deposition
coefficient (cm2 gm-1)
PMN Penetrated air mass array for which energg
deposition parameters precomputed (gm cm-¢)
SIGMAN Mean total cross section (cm? gm'])
UBARNC Neutron capture energy deposition coefficient
(cm2 gm-1)
UBARNP Prompt neutron energy deposition coefficient
(cm? am-1)
WOX (X-ray Deposition FCONTX X-ray energy containment within mass depth
Common) PMXBAR
PMXBAR Normalizing air mass penetrated (gm cm'z)
PMXR Normalized penetrated air mass array for which
energy deposition parameters precomputed
(gm cm-2)
UBARX X-ray energy deposition coefficient (cm2 gm'])
WRATE (D-region Chem- XK1
istry Common) .
Reaction rate coefficients
XK243
Al
Initial ionization and dissociation parameters
A8
WRATEH (D-region XK27
Chemistry Common) .
Reaction rate coefficients
XK50
WSTOR (Atmospheric IDAY Day of month
Wind Common) IMON Number of month
IYR Number of the year in the 1900s (1974 is 74)
JALT Altitude index
TIML Local time (decimal hours)
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Table 5 (Continued)

COMMON BLOCK QUANTITY DESCRIPTION
WTOR (Continued) U East-west wind velocity (ms'])
North-south wind velocity (ms'])
WwW vertical wind velocity (ms'])
ZHTEMP (Atmospheric TZH Temperature array (K)

Common)
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CONTROL ROUTINE

This routine is the main control routine for the WESCOM code. A

simplified flow chart for the routine is shown in Figure 1,

The problem loop refers to a given input specification and the
problem number is changed each time control is transferred to the input

module and new input data obtained.

After input data are obtained, routines ATMOSI, MAGFIT, and IONOSI
are called to initialize the ambient atmosphere and magnetic field models. Next,
a loop over calculation times is started and routine PHENOM is called to obtain
the fireball and debris region geometry and intrinsic properties. The location

of the satellites(s) at the calculation time is found by calling routine SORBIT,

Next, a test is made to see if circuit or footprint calculations
have been requested and either routine SATC or FOOTPC is called. When the
calculation time loop is completed control is returned to routine INPUT to obtain

the next problem case,
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WESCOM CONTROL
ROUTINE

PROBLEM LCOP >l

CALL INPUT

1

INITIALIZE ATMOSPHERE
AND MAGNETIC FIELD
ROUTINES

TIME LOOP »l

CALL PHENOM

Y

CALL SORBIT I

CIRCUIT

OR FOOTPRINT

CALCULATIONS
?

CIRCUIT FOOTPRINT

l l

CALL SATC CALI. FOOTPC

Figure 1. Flowchart for WESCOM control routine.
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SUBROUTINE AMBABS
This routine determines resonance absorption due to molecular
oxygen and water vapor along a specified propagation path for a specified

frequency.

The absorption is determined by integrating the incremental absorp-
tion computed at points along the path, The integration is started at the
lowest point on the path and integration step sizes in path length corresponding
to 3-km altitude steps are used (but not larger than 20-km path length step). If
the lowest point on the path is between the transmitter and receiver terminals,
the integration between the lowest point and receiver is computed first and then
the integration bcotween the lowest point and the transmitter determined. The
integration in a given direction is stopped when either the incremental absorption
goes to zero or the product of the incremental ubsorption and the remaining path

length becomes less than 0,1 dB.,

Routine GWAT is called to obtain the incremental absorption due to
water vapor and routine GOX is called to obtain the incremental absorption due
to molecular oxygen, Inputs to these routines include the atmospheric pressure,
temperature, and water vapor concentration, These quantities are obtained at

each calculation point from routiie ATMOSU.
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SUBROUTINE ANTND

This routine is the driver for the antenna noise temperature module.
Given a receiver location, it obtains the ambient noise density (W Hz-l)
and the noise density due to thermal radiation from each fireball visble to the

receiver, A simplified flowchart for the routine is shown in Figure 2,

After determining geometry quantities associated with the receiver
location, the antenna and receiver characteristics are determined. Then the
ambient noise density is determined if the receiver noise characteristics are
given as input, If the system noise characteristics are given, the ambient noise

is assumed to be included in the input specification.

Next, a fireball loop is started and a normalized integral over the
antenna pattern is determined by calling routine NINT, Then, an index is set
up which ranks the fireballs according to the normalized integral, in descending
order. This index is used in the next fireball loop to minimize the number of

thermal emission calculations,

A new fireball loop is begun to sum the contributions from each fire-
ball to t™e total antenna noise temperature, TASUM. Each fireball is checked
to see if the unattenuated contribution assuming a maximum fireball temperature
is at least five percent of the current value of the antenna noise temperature.
Tf not, it is skipped. If it is, thé actual therm~1 emission from the fireball
is determined by calling routine FBTINT, After cz.lling routine FBTINT the fire-
ball contribution is checked again and further calculations skipped if its con-
tribution is less than five percent. If the fireball thermal radiation is still
significant the beta sheath absorption is determined for low-altitude fireballs
by calling routine BETAS and the path absorption for both low- and high-altitude
fireballs estimated from the D-region absorption determined for the path between
the transmitter and receiver. This absorption is generally a reasonable estimate
of the absorption outside the fireball since only fireballs in the main beam will
produce significant thermal noise. However, this approximation can be tested by
exercising the noise test option as part of the input specification. When this
is done the absorption between the fireball edge and the receiver antenna is

found by calling routine PROPEN.
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!

DETERMINE RECEIVER LOCATION
AND ANTENNA AND RECEIVER
CHARACTERISTICS

FIREBALL t0OP

YES

AMBIENT
CALCULATIONS
?

YES
CALCULATE AMBIENT J

NOISE

FIREBALL LOOP _1"—

CALL NINT

Y

| ORDER FIREBALLS ACCORDING I

TO MAGNITUDE OF NOISE
CONTRIBUTION

CALL FBTINT

!

OBTAIN PATH AND
BETA SHEATH
ABSORPTION

!

DETERAINE ATTENUATED
NOISE CONTRIBUTION

—

Y

ADD NOISE CONTRIBUTION
FROM ATMOSPHERIC
EMISSION ALONG MAIN BEAM

:

C RETURN )

Figure 2. Flowchart for subroutine ANTND.
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The final calculation in routine ANTND is the noise contribution
produced by emissions along the main path. This is computed from the

absorption along the path between transmitter and receiver.
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SUBROUTINE ARRLIM
This routine determines the debris region location and size from

debris marker particles that have been displaced from the debris stabilization
location by atmospheric winds.

The location of the debris center is found by averaging the locations
of the marker particles. The minimum and maximum latitude and east-longitude

positions are saved for use in determining the debris radius,

The debris radius is determined as the average of the north-south
and east-west dimensions plus the radius at debris stabilization time. The
debris characteristic radius and distribution parameter are found for use in

beta particle ionization calculations,
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SUBROUTINE ATMOSF

This routine computes properties of the natural or heaved atmosphere
at points above 100 km. The routine is a modified version of routine ATMOSF
developed for the WOE code. A simplified flow chart for the routine is shown

in Figure 3.

If there are no bursts prior to the calculation time, the properties
of the air at the specified altitude are the same as in the natural atmosphere

and are obtained from routine ATMOSU.

If one or more bursts prior to the calculation time can cause heave
(bursts above 120 km) and if the operational mode discussed below is equal
to 1, wake heave parameters are determined for each fireball. The wake heave
causes the air motion below the fireball to be consistent with the air motion
in the fireball, A loop over bursts is made and the energy deposited at 110 km

beneath the specified point is calculated for each burst.

If any of the bursts produce heave the Lagrangian coordinates of
the bottom and top of each fireball producing wake heave are found and then
routine HEAVE is called. Routine HEAVE determines the location of the air that
is at the specified altitude at the calculation time and at the time of each
prior burst (whether it is a heave burst or not). The heaved air is assumed
to move along a vertical path, The HEAVE routine also provides the ratio
of the density at each altitude to the density at the initial altitude (altitude
at time of first burst) and the vertical mass scale height, Routine ATMOSU is
then called to determine the density, pressure, temperature, neutral particle

concentrations, and mean molecular weight at the initial altitude.

There are four operational modes for routine ATMOSF determined by the
input parameter MODE. For MODE = 1, an output array is prepared giving the
altitude, density or density ratio, and density scale height at the time of each
burst and at the calculation time. The mass density (gm/cm3) is stored in the
array for the initial altitude and the density ratio returned by the HEAVE
routine is stored for other altitudes., When the time interval between bursts
or between the last burst and the calculation time is large, the altitude and

density ratio at intermediate times are found for use in interpolation cal-

culations.,
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1 CALL HEAVE

DETERMINE
WAKE HEAVE
PARAMETERS

NEXT BURST .lmsr BURST

FILL OUT ARRAYS
USED FOR INTERPOLATION

HEAVE FROM
THIS BURST
?

COMPUTE ENERGY DEPOSITION
AT 110 km

DETERMINE PROPERTIES OF AIR
AT INITIAL ALTITUDE

-1,0,2

COMPUTE PROPERTIES OF
AIR AT CALCULATION TIME

DETERMINE
LAGRANGIAN
COORDINATES

>

Figure 3. Flowchart for subroutine ATMOSF.
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For MODE = 0 output quantities are given for the final altitude

only. The gas temperature and pressure are computed from

pthg) |V
Th) \smy

p(hg)\
Py A\ sy

where the subscripts i and f refer to the initial and final altitude

T(hf)

and

-
]

respectively and Yy is the gas constant., The third operational mode (MODE = -1)
is used when calls to ATMOSF are made for the same vertical column of air and the
same calculation time as a previous call, but at a different final altitude., For
MODE = -1, the energy deposition matrix needed as input to the HEAVE routine is

not recalculated. The output for MODE = -1 is the same as for MODE = 0.

The final operational mode (MODE = 2) is used when calls to ATMOSF are
made for the same air parcel as a previous call but at an earlier time, The out-

put is the same as for MODE = 0 and also includes the altitude of the air parcel.
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SUBROUTINE ATMOSI

This routine determines properties of the atmosphere as a function
of altitude at a specified location and time for use by routine ATMOSU, The
routine is a modified version of routines ATMOSU and SPECMIN developed for
ROSCOE. The major modifications include combining the initialization computations
into a single separate routine and the use of an expontential formulation described
by Booker* for fitting atmospheric properties as a function of altitude., The
formulation provides continuous derivatives and replaces the high order poly-

nomials used in the models developed for ROSCOE.

The first step in the atmosphere initialization process is the
determination of solar quantities needed to evaluate the solar-flux dependent
Fourier coefficients used in computing the temperature gradient at the lower
boundary (120 km) of the high-altitude model and the exospheric temperature. The
required solar quantities are obtained by calls to routine JULIAN, SOLCYC, SOLORB,
and SOLZEN (a call to routine ZTTOUT used in the ROSCOE model to determine the

date and time at Greenwich is made prior to calling routine ATMOSI).

Next, routine TEMPZH is called to obtain the atmospheric temperature
profile at the location and season specified as input. This temperature profile
is used to determine the molecular scale temperature used in evaluating atmospheric
intrinsic properties. Atmospheric properties at the boundary of the low- and high-
altitude models are determined and the solar quantities are used to evaluate the

high-altitude temperature model.

The remaining computations in routine ATMOSI ére calculations of minor
neutral species concentrations at the altitude matrix given by ALTKM in the
labeled common block ALTODN, This altitude matrix is different than the one
(AHT) used to evaluate the temperature and water vapor profiles., The calculations

are similar to those given in routine SPECMIN developed for ROSCOE except that the

*Booker, H.G,, "Fitting of Multi-Region Ionospheric Profiles of Electron
Density by a Single Analytic Function of Height," J., Atmos. Phys., vol 39,
pp 619-123, 1977.
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exponential formulation is used to obtain integrals and derivatives and inter-
polation of altitude dependent quantities and the species concentrations at the

matrix altitude values are the output that will be used by routine ATMOSU.
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SUBROUTINE ATMOSU
This routine determines properties of the atmosphere at a specified

time and point in space. The routine is a modified version of routine ATMOSU
developed for ROSCOE,

The routine uses data prepared by routine ATMOSI (during an initial-
ization call) to determine atmospheric quantities at a specified altitude, For
altitudes below 120 km a low-altitude mcdel is used to determine the intrinsic
properties and major species concentrations, The basic parameter in the mode
is g/TM, the ratio of the acceleration of gravity to the molecular scale

temperature determined in routine ATMOSI,

For altitudes above 120 km a high-altitude model is used that
determines species concentrations and intrinsic properties in terms of the
temperature gradient at 120 km (TAU), the exospheric temperature (TIF) and

the species concentrations at the lower boundary determined in routine ATMOSI,

After the intrinsic properties and major species concentrations are

determined, the minor species concentrations are evaluated if the calculation

flag JJ is greater than 2, The minor species concentrations are found by calling

routine BKRIAD to interpolate the values determined in routine ATMOSI,
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SUBROUTINE BALFIT
This routine fits a fourth order curve to the ballistic equation

solution for use in determining the position of an ionized air parcel on

a geomagnetic field line.

The fit is used for locations between two points on the field line
(20 and 21) given as input, First, the velocity and acceleration of the air
parcel at Rl and the time for the parcel to reach 21 are determined. Then

coefficients C and D are found for use in the following equation for parcel
position versus time between 20 and 21.

- v -
W= 20 + vo(t-to) + 7; (t to)

2

3 4
+ C(t-to) + D(t-to)

where £ 1is the distance along the geomagnetic field line from the earth's
surface to the air parcel and the time t must be between t, and t1 (time for

the parcel to reach 11).
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SUBROUTINE BETAS
This routine computes the one-way path absorption and the back-

scatter coefficient for normal incidence on the beta sheath ionization region,

The routine is a modified version of routine BETAS developed for the WEPH code.

The calculations are for a sharply bounded fireball/debris geometry
where it is assumed that the debris is within the fireball and that the air
temperature and density outside the fireball have ambient values. Only the

path absorption calculation is used in the WESCOM code.

Beta sheath ionization relations are used to compute the ion-pair
production rate, q, at two points within the beta sheath: a point at the
fireball surface and a point outside the surface where the ion-pair production
rate is reduced by about a factor of e-z. For each of these points (assumed
to be at the same altitude) routine CHEMDQ is called to obtain the electron
density and electron-neutral collision frequency. Then the electron density

within the sheath is approximated with an exponential function,

- X
Ne = Nei e H
where
Nei = electron density at fireball surface
= distance from fireball surface
H = ionization scale height determined from

electron density calculations at two points,

The one-way path absorption is found from

_ = 4.6 x 10° NV

A
Bszzdx,
0 w + Vv

Substituting for Ne
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4,6 x 104 N_.Hv
ei

A = dB
BS wz +v2
where w = wave frequency (radians s-l)
= collision frequency s™H
H = scale height (km).

92



SUBROUTINE BTRACE
This routine determines the motion of an ionized air parcel along

a geomagnetic field line given the location and velocity of the air parcel at

an initial time,

The procedure used is to divide the field line into segments and
to calculate the time when the parcel reaches the end of each segment and the
parcel velocity and acceleration at these times, The parcel motion is
determined by calling routine BALFIT which uses the parcel properties at one

point to determine the parcel location and properties at the end of a time step.

After the parcel properties are found at equal intervals along the
field line (including the portion between the starting point and the earth) a
4th order interpolation procedure is used to determine the location of the
parcel at a specified input time, If the parcel crosses the equator a flag
(CONJ) is set and the time for the parcel to reach the equator is given as

output in addition to the time for the parcel to reach the earth's surface,

93



SUBROUTINE CHEMD

This routine is the driver routine for the D-region chemistry module,
Th .outine is a modified version of routine CHEMD developed for ROSCOE, Figure

4 shows a simplified flow diagram for the routine,

Inputs to the routine are the location of the D-region point at which
ionization is to be calculated and the calculation time, Outputs from the
routine are electron density, total positive ion density, and collision

frequencies,

Subroutines ATMOSU and IONOSU are called to find the ambient air
properties at hc. Subroutine DRATE is called to determine the values of the
reaction rate coefficients, The initial values of the neutral species are set

equal to the ambient values at hc‘

Next, routine DEDEP is called to determine the energy deposited
per gram at hc and t. by delayed radiatign and the ion-pair production rate
is computed by multiplying by 1,79 x 10"~ times the density and adding the
ambient ion-pair production rate, Routine CMDEDT is called to determine which
of the previous bursts must be considered as prompt energy sources, For each
burst to be considered the prompt energy deposited per gram and the photo-

dissociation rate for ozone are stored,

Next, a time loop over each burst that must be considered plus the
calculation time is established and calculations are started for the first time
interval: The time interval is between t and t2 where tl is the time of the
first burst that must be considered and t2 is either the time of the next burst
that must be considered or the calculation time (tc). Routine INITAL determines
the change in neutral species caused by the burst at the end of Phase 2, Routine
PHOTOR determines the photodissociation and photodetachment rates caused by
thermal radiation from previous bursts at the end of the time interval (t,).
Routine SPECDP determines the neutral species concentrations at t, and Routine

DTNEP determines the electron and total positive ion densities at tye

After the last time interval (t2 = tc) routines SPECDQ and DTNEQ are
called to determine the effect of delayed radiation on the neutral and ion species
concentrations, The electron and positive ion densities returned by CHEMD are

the larger of those due to prompt and delayed radiation.
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Figure 4. Flowchart for subroutine CHEMD.




ROUTINE CHEMDQ

This routine is a driver routine to determine ionization at a
specifi~d D-region altitude., The ionization determined is the same as would be
obtained with routine CHEMD for a stéady-state ionization source if the effect
of prompt energy deposition on the neutral species is neglected. If the
ionization source is not specified, an ambient value is determined and used to

calculate the ionization,

First, routine ATMOSU is called to obtain the ambient neutral species
at the a.titude of interest and routine DRATE is called to determine the values
of the reaction rate coefficients. Then, if the input value of the ion-pair
production rate (Q) is zero, routine IONOSU is called to obtain the ambient

ion-pair production rate,

Next, routine SPECDQ is called to determine the change in neutral
species and routine DTNEQ is called to determine the electron and ion densities
due to the ion-pair production rate. The final calculations are for che electron

and ion collision frequencies,
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SUBROUTINE CHEMEF

This routine computes E- and F-region chemistry for times after
the prompt energy deposition phase has been completed. The routine is a
modified version of routine CHEMEF developed for ROSCOE.

Input and output is provided through the labeled common block
SPECEF. Common block SPECEF contains the initial and final times, t1 and
t,, for the specified time interval, and a subscripted variable (dimension 2)
f;r each chemical parameter, The first array location for each variable
contains the value at time t and the second location will contain the up-

dated value at time tz.

The operations performed by CHEMEF are sequential, with very

little branching and no looping or iteration., The operations are as follows:

1. Compute the heavy-particle temperature at times t, and t,.

2. If the electron temperature TEL(1) differs from the sxcita-
tion temperature TVIBN2(1), compute the total excitation
energy density and equilibrate it to define a new effective
excitation energy., Routine TEXK computes the new temperature,

3. Compute the average volume expansion parameter and mean reaction
rate coefficients, The rate coefficients at each temperature
are obtained from routine RATE,

4, Call routine CHMION to compute the change in species due to
the ion reactions,

5. Compute the mean value of each species due to the ion chem-
istry.

6. Compute change in species due neutral reactions. Routine
GNNC is used to determine changes due to reactions of atomic
nitrogen,

7. Compute the change in pressure and heavy particle temperature
due to the chemical energy release,

8. Compute the change in excitation energy density and the new
equilibration temperature. Routine TEXK computes the new
temperature, Set the electron temperature equal to the

excitation temperature,
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ROUTINE CHEMHR

This subroutine computes the electron and total positive ion den-
sities at a specified point within a heated region overlay for a specified
evaluation time. This routine is a modified version of routine CHEMHR developed

for ROSCOE. Figure 5 shows a simplified flow diagram for the routine.

First, the fraction of the ions that remain atomic (f the

V)
molecular ion production rate (qM) » and the atomic ion production rate (qA)
are computed, If fA > 0,99 and the point of interest is within the fireball
the ionization sources considered are nonequilibrium air ionization and the
atomic ion production rate, If fA > 0,99 and the point of interest is outside
the firebal!, only the ionization due to the molecular ion production rate is
considered and a simple recombination loss ecquation is used to determine

the clectron and positive ion density.

It fA'g 0.99 the thermal equilibrium properties of air and metal
species are determined by calling routine EQLAIR and EQLMTL (see Figure 6).

An iteration loop is used to insure species conservation, After each call to
routine EQLAIR the O, density is modified to account for reactions with

nitrogen,

Next, effective reaction rate coefficients are computed (see Figure
7). In computing the reaction rate coefficients, the equilibrium values of

the species are used if the temperature is greater than T (approximately

EN

I

cquilibrium values for NO , NO2 , 0, and O, are determined. If

3
TFI'S TEN » ambient values for NO and NO, are used and the O and 03
are assumed to be equal to the thermal equilibrium values, A partial correction

2000 K). If the temperature is less than T non-

to the neutral species is made to account for effects of delayed radiation, For
points outside the fireball the effect of photodetachment duc to fireball

thermal radiation is determined by calling routine PHOTOR,

After the effective reaction rate coefficients are determined the
nonequilibrium metal ionization and the equilibrium ionization due to the

molecular ion-pair production rate are evaluated, Then the nonequilibrium air
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Figure 5. Flowchart for subroutine CHEMHR.
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ionization and the ionization due to the atomic ion production rate are

determined.

The electron density returned by routine CHEMHR is the sum of

that due to thermal ionization and that due to delayed radiation,
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SUBROUTINE CHMION
This routine computes the change in species concentrations due to
[- and F-region ion chemistry. The routine is essentially the same as routine

CHMION developed for ROSCOE.

Initial values for the species concentrations are obtained from
labeled common block SPECEF and mean reaction rate coefficients and the ion
production rate are obtained from labeled common block CHEMAN., The new species
concentrations at the time t2 will be returned through SPECEF common (under
variable subscript 2). The energy released, DELEV, is returned to CHF'"F through
CHEMAN common,

Mean ion loss rates due to each reaction are computed accounting only

for volume expansion, A check is made to determine if the N2 or 0, could be
significantly depleted during the time interval, If so, improved mean values
for N2 and 02 :
is within 10 percent of the total N loss rate, an improved mean value of NO is

arc determined. Next, if the loss rate due to reaction with NO

computed.

In final preparation for the ion solutions the total ion production rate
is proportioned into N+, 0’, and M production rates, The N* and 0" solutions
are computed by routine ANLYT2, The transient solution for M s computed by
routine RICATT., This is then combined with the equilibrium solution for M*.
Finally, the change in necutral species concentrations is computed and the energy

release determined,
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SUBROUTINE CMDEDT

This routine edits the burs.s to form a list for use in D-region
chemistry calculations, The routine is essentially the same as routine
CMDEDT developed for ROSCOE, The bursts chosen are those which affect neutral
species or ionization due to prompt cnergy deposition or photodissociation
of O3 . For each burst the prompt energy decosited and the photodissociation

rate for O, are computed and stored, A flow diagram for routine CMDEDT is

3
shown in Figure 8.

A burst is included in the burst list if the prompt energy depo-
sition or photodissociation of 03 changes the neutral species sufficiently
to affect the reaction rate coefficients used for equilibrium ionization

calculations, The equilibrium electron density can be approximated by

e VQA+D+\/€6 ‘

where D, A, and o are cffective reaction rates. Tests are made

to sce if the ..oductivn of 0O , N, and 02(1A) results in a detachment

rate larger than

0.1(D + voz)

and whether the production of 03 and O result in an attachment rate larger
than D . In performing the tests ambient valucs of the neutral species are
used to compute A and D , Since the detachment rate, D , depcnds on the
composition of negative ions, a fit to the ratio of 05 to total negative

ion density is used and only detachment from 05 considered, Changes in the
neutral species can also affect the effective recombination coefficient but
by using an effective value which is small bursts affecting a will be

included in the bursts affecting the detachment rate.

Routines EDEPD and PHOTOD are called to determine the prompt energy
deposition and the photodissociation rate for 0, due to thermal radiation,
Approximate relations are used to estimate tie amount of O , OZ(JA) , and N

produced by the burst and the decay of these species between the bhurst and
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Figure 8. Flowchart for subroutine CMDEDT.
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calculation time,

If the burst does not affect the neutral species sufficiently to be
included in the burst list, a test on the prompt ionization remaining at the
calculation time is made to see if it 1s significant in comparison to that
product by delayed radiation, First a test is made to see if a saturation
impalse is important by comparing the positive ion density due to an ionization
impul se with the positive ion density due to the ion-pair production rate. The

ionization due to prompt energy deposition is not important if

1

or rearranged
Yqaa t > 10

If the burst could be important a further test is made with the
actual ionization produced by the burst, For this test the electron density
at the calculation time due to the impulse is estimated from

N, Do p o (ASDIE

1 + N at D+ A
e

Nc(impulsc)z

and compared with the electron density due to delayed radiation,

The detachment rate used in computing the electron density due to
prompt radiation is computed using the neutral species concentrations at the

time of burst, This maximizes the electron density due to prompt radiation,
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SUBROUTINE CMFEDT

This routine edits the burst to form a test for use 1n C- and
F-region chemistry calculations., The bursts chosen are those that produce
a specified level of initial ionization (set at 3 x 107 cm-s for the WESCOM
code) at a specified altitude (currently chosen as 200 km unless the lowest

altitude on the path is above 200 km).

The air properties and neutral species densities at the test point
are found for each burst from routine ATMOSF, Then routine PIONF is called to
determine the initial ionization caused by the burst and the result compared
to the minimum values used to select bursts and E- and F-region ionization
sources, In computing prompt ionization in routine PIONF air motion duc to
hecave is neglected. While this can result in overestimating the initial ion-

ization, it reduces the calculation time in routine PIONF,
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SUBROUTINE DBMHT

This routine determines time-dependent quantities for debris regions

produced by high-altitude bursts,

For high-altitude bursts, geometrical debris regions are only
used for gamma radiation effects. For beta radiation the altitude and

dimensions of an ellipse in the herizontal plane are defined.

Up to four debris regions can be defined to model the location
of the fission debris for a given burst. One debris region is used to model
the ionized debris distributed within the fireball. Two debris regions are
used to model debris settling down the geomagnetic field lines in the burst
and opposite hemispheres., For bursts detonated below 120 km a debris region

is used to model neutral debris falling ba:k over the burst point.

First the ambient atmospheric scale heights at the bottom of the
fireball and at the debris settling altitude (taken to be 150 km) are found
by calling routine ATMOSU., Then parameters reclated to the fireball are
defined and for times greater than thc fireball apogee times the amount of
debris chat is in the fireball (FDI), and the amount of dcbris that has
recached the settling altitude in each region (FDNB and FDNC) are calculated.
These values are estimated from the air parcel data calculated for the fire-
ball region assuming that the debris density distribution is similar to the
fireball ionized air mass distribution, For bursts below about 120 km
(FNEUT > 0.1) and times after the magnetic equilibrium time (TEQ), the
fraction of debris that will fall back over the burst point is accounted for,

If the ionized debris fraction is greater than five percent, an
ionized debris region is defined. A skewed spheroid debris geometry is used
and the current fireball scale height is used for the debris distribution,

A beta source planc is defined at the altitude HBETA determined in routine

FBMHT that includes effects of magnetic freezing of the beta tube,

After the ionized debris region is defined, tests are made to sece if
more than five percent of the debris has fallen down the field lines to 150-km
altitude. If the amount is more than five percent, a debris region is defined,
A spheroid geometry is used, but by the use of truncation altitudes a pancake-
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like region is defined. Beta source planes at 150 km are defined for use in

determining beta ray ionization.
exercised, separate beta source planes arc defined for each hemisphere,

If the wind option (given as input) is
Other-

wise, a single beta sou.ce plane in the burst hemisphere is defined.

For bursts below 120 km and times after TEQ a debris region that

falls back over the burst point until reaching 150 km is modeled.
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SUBROUTINE DBMLT
This routine determines time-dependent quantities for debris regions

produced by low-altitude bursts,

For low-altitude bursts, a geometrical debris region is defined for
use in computing cffects of delayed beta and gamma radiation. The right
circular spheroid (untilted) and toroid geometries used for the fireball
(KINDF = 1 and KINDF = 3) arc also used for the debris region. For times

before toroid formation the debris region dimensions are found from

RTD = RTBF
_RLF oo
RLD = ¢=oc RTBI

where RTD and RLD are the debris axis dimensions perpendicular and

parallel to the vertical direction respectively and RLF and RTF are similar
dimensions for the fireball, The quantity RTBF is the horizontal debris
radius defined by routine I‘BMLT. The debris region is truncated with minimum

and maximum altitude slices if the fireball region is truncated.

The vector location of the debris origin is determined and routine
VOLUME is used to obtain the dcbris volume. The debris stabilization time
and debris geometry at stabilization time are stored for use in modeling wind
effects, If the debris stabilizes above 200 km, the vertical radius is limited
to 50 km and if the debris stabilizes below 200 km the dcbris vertical radius

at stabilization time is not allowed to be less than 4 km.

Several additional quantities are calculated for use in beta
ionization calculations, First, the dimensions of a horizontal ellipse that
can be used to determine the maximum extent of the beta tube arc calculated
from the quantities RLBF and RTBF defined in routine FBMLT. Then, quantities

required in beta sheath calculations are determined,
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SUBROUTINE DBSTAM
This routine is a driver routine for determining post-stabilization

debris geometry due to atmospheric winds.

The atmospheric wind model is used to determine debris geometry
for debris regions above 100-km altitude and for times after the debris stabili-
zation times. For earlier times or for debris altitudes below 100 km the debris
geometry determined by the fireball/debris models (routines DBMLT and DBMHT) are
used. These models include a nominal debris expansion due to winds, but do not

include debris lateral motion (debris offset) due to atmospheric winds,

For debris regions above 100 km and times after the debris stabili-
zation time the geographic location of the debris center and the local time at
the debiis stabilization time (start time for wind effects model) are computed.
The debris parameters at stabilization time are written out on the detailed out-
put file (file LFDO) if detailed phenomenology data has been requested (input
option), Then routine PSDM is called with the debris data at stabilization time
to determine the debris geometry at the current calculation time due to

atmospheric winds.
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SUBROUTINE DEBRIS
This routine is a driver routine to determine the energy deposi-
tion at a specified point due to charge exchange, loss cone, and ion leak

particles. Figure 9 shows a simplified flowchart for the routine.

First, a check is made to see if the deposition point is in the
magnetic conjugate region of the burst, If it is, enevgy deposition due to

debris kinetic energy sources is neglected.

If the deposition point is in the burst region, the reduced
range for loss cone and charge exchange particles is computed and the parti-
cle energy lost in transversing the mass penetrated from the burst to the
deposition points is found by calling routine FZET. Then, tests are made to
see if the cnergy due to loss cone particles is to be computed. These tests
include an input option, a test on the amount of debris kinetic energy in
loss cone particles, and a test on the upper intersection altitude for loss
cone particles, Only the upper intersection altitude is tested (rather than
testing to see if the field point is betwecen the lower and upper intersection
altitudes as is done for beta particles) because vertical air motion (heave)

can move the air in which the particles initially deposit their energy.

If the loss cone particle energy deposition is to be computed,
routine CONSPC Is called to obtain the energy spectrum and the energy deposited
neglecting the spatial distribution is computed. Next, the effect of the
spatial distribution is found by computing the location of the 100-km point on
the geomagnetic field line passing through the deposition point of interest.
The distance of this point from where the field line passing through the burst

point reaches 10 km is used to compute the distribution function,

Following calculations for the loss cone particles, the energy
deposition neglecting the spatial distribution for ion leak and charge exchange
particles is computed. To account for the spatial distribution for charge
exchange and ion leak particles a plane normal to the geomagnetic field lines
at the burst point is used as the distribution plane. The position of ine
magnetic field line that passes through the field point in the distribution

plane is determined for use in the distritution function,
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Figure 9. Flowchart for subroutine DEBRIS.
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SUBROUTINE DEDEP
This routine determines the delayed energy deposition rate

(ergs gm-l s-l) due to weapon radiation,

A loop over debris regions is initiated and routines EDEPG and
EDEPB are called to obtain the encrgy deposited per gram by gamma rays and
beta particles, respectively, The call to routine EDEPG is skipped if the air

11

density at the field point is less than 10™ “gm em™> (about 125 km) and the

call to routine EDEPB is skipped if the field point is outside the beta tube.

Delayed energy deposition due to neutrons is computed by setting
up a burst loop and calling routine EDEPND, Routine EDEPND determines the
ncutron energy deposition due to capture reactions and elastic scattering

recactions occurring after the time used for prompt cnergy deposition,
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SUBROUTINE DSTINT

This routine determines the attenuation due to progagation through

dust clouds,

A loop over dust clouds defined by phenonemonology module is
started and for each dust cloud routine PCLOUD is called to determine the
geometry for each dust cloud particle group. Then routine RINTER is called to
see if the ray path intersects the region, If it does, routine PGROUP is called
to determine the extinction coefficient and the attenuation is calculated,
If detailed output has been requested the dust cloud intersections and

attenuations are written out on file LFDO,

115



SUBROUTINE DTNEP
This routine determines the electron and total positive ion den-

sities at a specified time after burst due to prompt radiation, The routine

is similar to routine DTNEP developed for ROSCOE.

First ai and A and initial values of ad and D are determined,

These values are used to compute initial values for N, and N_ .

The initial value of Ne is tested against the electron density
that would be produced by delayed radiation for the same reaction rate
coefficients, If the electron density due to prompt radiation is less than 1/10
the value due to delayed radiation or if the electron density due to prompt
radiation is less than 103 electrons cm's, the electron and positive ion
densities due to prompt radiation are set to zero and no further calculations
are made,

If after the above tests prompt ionization can still be important,
the positive and negative ion compositions and new effective values for ay
and D are computed. These revised values are then used to recompute the

electron and total positive ion densities,

116



SUBROUTINE DTNEQ

This routine determines the steady-state reaction rate cocfficients
and the corresponding electron and total positive ion densities due to delayed

radiation, The routine is essentially the same as routine DTNEQ developed for

ROSCOE.

. . . . + .
The ion-pair production rates producing 0; ani NO are determined

from the total ion-pair production rate. Next attachment and detachment rates
arc computed. The detachment rate includes the effects of photodetachwment

from thermal radiation from each burst occuring prior to the calcuiation time.
Then positive and negative ion transfer rates are determined including effects

of photodissociation from thermal radiation,

Initial values for the ratios Rpl through Rplo (positive ion
ratios) and Rnl through Rng (negative ion ratios) are chosen and used to
compute effective reaction rate coefficients and equilibrium electron and ion
densities. The electron and ion densities are then used to rccompute the
ratios Rpl through RplO and Rnl through Rng . The above procedure is
repeated until the effective recombination coefficient and effective detachment

rate change by less than 1 perceat,
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SUBROUTINE DUSTMI
This routine computes time-independent quantities used in dust

region calculations,

First, the scaled burst height (ratio of burst height to the
pressure equilibiium radius computed in routine FBMLI) is tested to sec if
the burst will cause a dust cloud. If the scaled burst height is less or
cqual to 3 a dust cloud is defined, For the first cloud defined the particle
stze group parameters are computed (same for all dJdust clouds)., Eight
particle groups are used in the current model (see Table 6), with the
boundaries chosen to keep the spatial overlap of adjacent groups relatively
uniform, The fraction of the particles in each size group, FNP(I), is compu‘ed
“rom the assumed size distribution with 0.001- and 10.0-cm minimum and maximum

particle sizes,

For each dust cloud the mass loading factor, XMLOD, is computed and
the diameter of the largest particle lofted, ATRY, is computed rounded to the
nearest particle group boundary; ie, the nearest value of ABAR, The index of
the largest group lofted, TMAXP, is then the group for which the maximum size
is the rounded value of ATRY, Finally, the total number of particles included
in all the groups, designated TNP, is computed. It should be noted that all
these particles are not lofted; only those contained in particle-size groups

up through IMAXP are lofted.
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Table 6. Time-independent particle group parameters.
Group Minimum Maximum Fraction of
Index Diameter Diameter Particles
(cm) (cm)
1 ABAR(T) ABAR(I+1) FNP(I)
1 0.001 0.09 ~1.000
2 0.09 0.4 1.356E-6
3 0.4 1.0 1.463E-8
4 1.0 2.0 8.750E-10
5 2.0 3.25 9.587E-11
6 3.25 5.25 2,222E-11
7 5.25 7.5 4.540E-12
8 7.5 10.0 1,370E-12
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FUNCTION EDEPB
This routine computes the energy deposition rate {(ergs gm-1 s'l)

due to beta particles. The model is based on formulations developed for ROSCOE,

A simplified flowchart for the routine is shown in Figure 10,

The average beta particle energy, beta particle release rate, and
energy deposition coefficient are found from routine WOBD, Then routine
ATMOSU is called to determine atmospheric properties at the beta source altitude.
If the debris is distributed in a constant altitude plane, a correction term
is found for use in computing the debris integral along the geomagnetic field line
through the field point, The correction term is a function of the location of the

field line at the heta source altitude.

For beta source altitudes above 80 km a debris pancake (elliptical
region in a constant altitude plane) is used to model the beta source. For
lower beta source altitudes, the actual debris shape (spheroid or toroid) is used.
The beta source geometry is used to determine the integral of debris along the
geomagnetic field line intersecting the field point, the altitude of the debris
center, and the magnetic field strength at the debris center, For /Jield points
within the debris region (source altitudes below 80 km) the debris region is

divided into two parts; one below and one above the field point,

The integrals are used to compute the energy deposition within the beta
tube, For beta source altitudes below 80 km the energy deposited within the
beta sheath is computed if requested (input option to routine). The beta sheath

energy deposition is computed and added to that calculated for the beta tube.
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Figure 10. Flowchart for function EDEPB.
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FUNCTION EDEPG
This routine computes the energy deposition rate (ergs gm-1 s'l)
at a given point i space due to gamma radiation from the fission debris. A

simplified flowchart for routine EDEPG is presented in Figure 11,

First, the debris truncatiom altitudes and the vertical dimensions
are calculated. Then, the mass penetrated from the field point to the debris
center is computed. If a point source calculation has been requested (input
option), the mass penctrated and slant range between the field point and debris

center are used to compute the gamma ray energy deposition,

If a point source has not becn requested, the dimensions and volume
of the debris region are found and the mass penetrated is computed to the debris
edges. Then, tests are made to see if analytical solutions can be used or
whether a numerical solution is required to compute the cnergy deposition, A
numerical solvtion is used when the debris geometry is a toroid or tilted spheroid
or has been truncated so that the top is below the center, when the debris vertical
or radial distribution is not uniform, and when the step sizes based on allowable
changes in mass penetrated are smaller than the debris size.

The coordinate system used in computing the step sizes is one where
the r coordinate is mecasured along a constant-altitude plane at the altitude
of the debris center, The Ar and Az step sizes for which the change in mass

penctrated from the field point is less than AM gm cm-2 are determined from

(r, _r)MM

Ar = ————
Mz-Ml

Az = AMa ,

where AM is chosen as 10 gm en~? and

Mc = mass penetrated from field point to Ty s 24
M, = mass penetrated from field point to LN
To» 25 = coordinate of debris center
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z = z coordinate of top of debris region

= minimum and maximum horizontal distances from field point
to debris plane at z = z,

Ml » M, = mass penetrated from field point to T, 2, and Ty 2,

radius of sphere, radius of toroid arm, or semithickness of

pancake,

If Ar and Az are greater than the horizontal and vertical dimensions
of the debris region, AY(ND is essentially constant over the debris region., If
AY(M) is constant and the slant range to the debris center is greater than
three times the largest horizontal debris radius, a point-source approximation
is used to compute the ion-pair production rate, If AY(M) is constant and the
slant range is smaller than above, analytical expressions are used for spherical
and nancake debris geometries, For all other conditions, a numerical integration

procedure is used.

When the numerical integration procedure is used, a second set of Ar
and Az step sizes is determined to ensure that the numerical integration gives
good agreement with the volume of the debris region, These step sizes are found

from the following:

Ar a2
Sphere -2-71 3}
Toroid 2 2
Pancake 27b 2

where b is the largest horizontal radius of the debris region.

The Az step size is taken as the smaller of that determined on the
basis of the variation in AY(M) and that determined for volume accuracy, with

a minimum step size of 1 km,

A minimum Ar step size is then chosen from
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-3
Ar = minimum (Ar', -lg—-) ,
Pa

where pd equals the mass density at the debris center, to restrict the step
size for low debris altitudes where the mass penetrated is a strong function of
r . As a further restriction, the minimum Ar step size is not allowed to
exceed 500 km for debris altitudes less than 50 km or 1000 km for debris
altitudes greater than 50 km,

For each Az step in the integration procedure, the mass penetrated
to two points in the debris region at altitude z is found with routine PMASS,

A new Ar step size is computed from

(s2 - sl)AM

ails M In(M,/M)) ’

where S is the slant range to a point in the debris region closest to the

field point, and S, is the slant range to a point chosen to make M2 - Ml
about 85 gm cm-z. The minimum of the above Ar step size and the one
previously determined is used for the integration over r . The mass penec-
trated to cach volume clement between r, andr, is found by interpolating

between M1 and M2 g

if r becomes larger than T, the two points r and r, are changed so

that r, becomes Ty and r, is again chosen so that M2 - Ml is about
85 km, Within each integration region, the Ar step size is uniform except
where it is necessary to reduce the step size to match a debris boundary. The
Az step size is always uniform,

To eliminate numerical integration when the ion-pair production rate
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q is small, a point-source estimate is made at each step in z with the
debris at rl » 2 « If the point-source calculation of q is less than a
minimum value (chosen as one-tenth of the natural ion-pair production rate),

integration over r is not performed.

The vertical debris distribution is accounted for in computing the
debris density at each step in z ., For times after debris stabilization
the debris may have a radial distribution defined by the debris distribution
parameter, This is approximately accounted for in the numerical integraticn
by first increasing the radial dimension of the debris to include debris in
the tail of the distribution and by modifying the contribution to the energy
deposition integral for each step in r to account for the debris distribution,

The last calculation in the routine is to account for the reduced
mass in the fireball if the debris is within a low-altitude fireball, Corrections
to the energy deposited at the field point due to the reduced mass in the fire-
ball are made when the fireball associated with the debris region is below 40 km

and the fireball temperature is greater than 300 K,
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FUNCTION EDEPND

This routine computes the energy depositon rate (ergs gm-l s'l

)

at a given point in space due to neutron elastic collisions and capture
reactions,

Before computing the neutron energy deposition, tests are made to see
if the energy deposition'would be negligible in comparison to gamma and beta
energy deposition rates, Detailed neutron calculations for a particular burst

are not made if

c
3 T : 0.1 Erf t < tc
R
1024an -%
where
Erf = energy deposition rate due to gammas and betas
(ergs gm'l s-1
R = slant range to burst point (cm)
-6
tC = 1.3 x10
p
5 x 107

p

and fn is the fraction of the weapon yield in neutron kinetic and capture

cnergy.
For bursts considered, the mass penetrated from the burst point to the

deposition point and the vertical mass above the burst point used arc poor for

such cases and, in general, other ionization sources will dominate.

Once the shortest distance has been found, the neutron-decay beta flux

and the ion-pair production rate are determined.
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SUBROUTINE ENEF
This routine computes the electron density (cm's) and electron
collision frequencies (s'l) at a specified location above 100 km, A

simplified flowchart for subroutine ENEF is presented in Figure 12,

First, the location and properties of the air that is at the cal-
culation point at the calculation time are found at the time of all bursts
prior to the calculation time and at the calculation time by calling
routines ATMOSF and IONOSU, Then the ion-pair production rate at the cal-

culation time due to gamma rays and beta particles is found from routine

DEDEP,

The first F-region prompt source is found by testing logical
parameter LPRT, which was set up in routine CMFEDT, The prompt ionization
due to this burst is computed by routine PIONF, Routine PIONF also modifies
the neutral particle concentrations according to the number of ions produced

and determines a new excitation temperature.

The end of the deionization time interval is taken to be the next
prompt source (or the calculation time if there are no more prompt sources),
subject to the constraint that the mass density of the air cannot change by
more than a factor of two during the interval, If the density ratio during
an inter-burst time interval changes by more than a factor of two, an
intermediate time is taken such that the density change to this time is
exactly a factor of two. An exponential interpolation is used to compute the
density at the intermediate time and linear interpolation to compute the
altitude of the air parcel, The remaining interval will be further checkad
on the next iteration and broken up again if necessary, In addition, to
prevent large time steps immediately after burst, calculations are made at

1 and 3 seconds after each burst,

To avoid the possibility of overlooking large peaks or nulls in
the density time-history during a long inter-burst time interval, an array
of intermediate times and the properties of the air at those times has been
computed during the call to ATMOSF, above. These times are merged with the
burst time array for use in breaking up time-intervals and interpolating to

find the properties of the air at intermediate times,
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Once the time-interval for decionization is established, the
changes in ion and neutral species densities are found from routine CHEMEF,
If the mass density decreases during the time interval, the electron, ion,
and neutral partic}c concentrations are modified due to volume expansion
and the gas temperature is decrcased due to adiabatic expansion in routine
CHEMEF. If th¢ density increases, the particle concentrations and gas
temperature are modified due to cold air entrainment and volume contraction,

A new excitation temperature is obtained from routine TEXK.

If the end of the time interval just computed is an intermediate
time, the next time interval is taken to the time of the next prompt
source, Control is returned to the block which determines whether the
remaining interval need be subdivided again. If the ¢nd of the time interval
just completed is not an intermediate time, control is returned to the
beginning of the burst loop. If there is another prompt ionization source,
the the prompt ionization from that source is computed and ull the sub-

sequent calculations repeated.

If there are no more prompt sources, the electron density due
to natural and weapon ion=pair production rates is found from routine CHEMQ
with neutral and ion species for the most recent time interval, The electron
density at the calculation time is then computed as the maximum of that due
to prompt radiation and the ion-pair production ratcs. The logical parameter
ION is set to equal to 1, 2, 3, or 7, depending on whether the dominant
ionization source is natural, beta particle, gamma ray¢ or prompt

ionization, respectively,

The final step in routine ENEF is the computation of electron-

neutral and electron-ion collision frequencies.
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ROUTINE FBEN
This routine determines fireball ionization, collisiun frequencies,

and incremental absorption at a specified point within the fireball., A

simplified flowchart for the routine is shown in Figure 13,

For fireballs produced by low-altitude bursts and for fireballs
produced by high-altitude bursts for times less than the time to reach apogee
(tap) the air at the calculation point is assumed to have come from a position
in the initial fireball which was at the same number of scale heights above the
bottom as the calculation point is at the calculation time, The initial mass
density is taken as the atmospheric density at the initial point at the time of

the burst and is calculated by routine ATMOSU or ATMOSF,

The mass density at the calculation time is computed from the initial
mass density and the ratio of the initial and current fireball scale heights,
For fireballs produced by low-altitude bursts the mass density is taken as the
larger of the above and the pressure equilibrium value, If the pressure
couilibrium value is larger, the additional mass density is assumed to be due

to entrainment,

For fireball reference altitudes below 100 km the ion-pair production
rate caused by beta particles and gamma rays is found from routine DEDEP, For
toroid geometries it is possible for the calculation point to be within the hole
of the toroid. For this case routine CHEMDQ is used to compute the steady-state
ionization neglecting effects of prompt ionization and assuming ambient

temperature,

For calculation points within the fircball routine CHFMHR is
called to obtain the ionization and collision frequencies, If the burst
altitude is below about 85 km and the calculation point is within the debris
\region, the metal species deasities are computed prior to calling routine
CHEMIR, Also, if the fireball temperature is below 2000 K the air density and

entrainment fraction at the time the air was at 2000 K the air are computed.

Fer fireballs produced by high-altitude bursts and calculation times
after the time to reach apogee the fireball innization is calculated as the sum

of ballistic ionization and diffusion ionization, At the first call to routine
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Figure 13. Flowchart for subroutine FBEN.
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FBEN after ta the apogee fireball ionization along the longitudinal axis

is fit with two exponential terms. The exponential parameters are¢ determined
from the models described above, Then a test is made to see if the field point
is within the ballistic ionization region, If it is, the ballistic ionization
is computed by finding the location within the apogee fireball where the air

at the calculation point came from and computing the ionization at apogee and

the change in ionization since apogee.

Diffusion ionization parameters are calculated once for each

calculation time, Then, the diffusion ionization is determined and combined
with the ballistic ionization, For field points near the top of the fireball,
tne electron density is reduced empirically to approximate additional volume
expansion not modeled. Also, a transverse radial ionization distribution

is used to modify the ionization in terms of the transverse location of the

field point,

After obtaining the ionization and collision frequencies, the
incremental absorption is computed., It the electron density is large enough
that the plasma frequency is greater than the wave frequency, the incremental

absorption is set equal to 1 x 10lO dB km-l.

When footprint calculations are made the electron density and
temperaturc are computed at several points along the longitudinal axis and
stored in common block CHEMFB as part of preliminary calculations. Then,
these data are used to fit the electron density and temperature at points
within the fireball that are along propagation paths in each scan, The
logical flag LFPCS is set to an integer greater than 0 when the interpolation

calculations are to be used in routine FBEN.
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SUBROUTINE FBINT
Routine FBINT is a driver routine for the module that determines
environment and propagation quantities for propagation through fireball regions,

A simplified flowchart for the routine is shown in Figure 14.

After integral values are initialized to zero for each fireball a
firehall loop is set up and routine RINTER is called to determine whether the
propagation path intersects the fireball., If an intersection exists, fireball
quantities arc stored in labeled common block CHEMB, For low-altitude bursts
the metal species densities (aluminum and uranium) are computed by adding the
metal densities from each debris region associated with the fireball. Path
intersections with debris regions are also found for low-altitude bursts for
later use in selecting path integration segments, A beta sheath ionization
flag is set for debris regions produced by the same burst that produced the

fireball. Beta sheath ionization from other debris regions is ipgnored.

Next, path integration segments arc determined, For fireballs
from high-altitude bursts onc segment is used for burst region intersections
and another for conjugate regions intersections., For fireballs from low-
altitude bursts up to eight path segments can be defined to describe different

ionization regions within the fireball,

After the integration segments have been defined a numerical
intcgfacion of propagation quantities is performed for each segment, A running
sum over the segments and over fireballs, if the path intersects more than one

fireball, is kept and added to the path propagation quantity terms,
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Figure 14. Flowchart for subroutine FBINT.
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SUBROUTINE FBMHI

This routine determines time-independent scaling quantities for

fireballs from high-altitude bursts.

Routine FBMHI is called for each burst detonated above 75 km, The
high-altitude model flag, LMCF, is set 'to zero indicating a high-altitude burst

but may be reset to one (a low-altitude burst) later as indicated below,

First, the debris loss-cone and icn-leak parameters are found by
calling routines LOSCON and IONLEK. This includes the amount of debris kinetic
erergy in loss-cone and ion-leak particles which is not available to produce
the fireball, Next, charge exchange and UV fracticns are found and the heave

flag is set (no heave for bursts detonated below 120 km).

Next, the initial fireball horizontal, downward, and upward
dimensions are determined, Iteration procedures are used to determine the
amount of X-ray energy contained within the horizontal radius and the effcct of
non-uniform air and work done against the magnetic field, An iteration procedure
1s also used to find the downward radius in a non-uniform, possibly heaved
atmosphere, After the initial dimensions measured from the burst point are

found the location and dimensions of an equivalent spheroid are calculated,

Next, quantities defining the fireball rise and expansion and the
initial fireball properties (density, scale height, mass, and volume) are
computed, A test is made to see if the maximum fireball altitude neglecting
drag forces will be above 250 km, If it is not, the high-altitude model flag is

set to one (low-altitude burst) and control is returned to the calling routinc,

The location of the loss-cone reference point (used in computing
joss-cone ionization) is determined by calling routine MAGFLD to determine the
location of the point on the field line through the burst point that is at 100 xm
altitude. Also, routine EUXFIT is called to determine the fraction of ionizing
UV energy. The Lagrangian coordinates of the bottom and top of the initial
fireball (used in the fireball wake heave model) arc found by calling routine

LAGRAN,

The last calculations performed are to determine fircball properties
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when the fireball reaches apogee and at the magnetic equilibrium time, The
apogee quantities are found by calling routine FBMHT and the equilibrium

properties (mass density) by calling routine FBITMD,
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SUBROUTINE FBMHT
This routine determines time-dependent quantities for high-altitude

bursts,

The routine is divided into two major computational blocks; one for
times less than the time for the fireball to reach apogee (determined in
routine FBMHI) and one for later times. An input logical flag (MODE) is used
to determine apogee fircball quantities (MODE = 0) or fireball quantities at a
calculation time (MODE = 1),

For MODE = 0 or for times less than the apogec time for MODE =1,
the fireball geometric and intrinsic properties are determined from time-
independent quantities calculated in routine FBMHI and scaling relations defined
for several time periods after burst, For MODE = 0 the fireball quantities

(apogee quantities) are stored in labeled common block BREG,

For MODE = 1 and times after the time to reach apogee the location
of ionized air marker parcels arc determined for use in defining ballistic and
diffusion ionization., Twenty parcels are equally spaced along the longitudinal
axis of the apogee fireball, At later times the locations of the highest and
lowest parcels in the burst hemisphere and the highest and lowest parcels in the
conjugite hemisphere (if uny parcels cross the magnetic equator) are found. The
parcel locations are used to define coefficients that define the location of a

parcel in the apogee fireball in terms of its location at a later time,

As a part of the preliminary calculations the time (TMAX) for all the
parcels to fall below a stopping altitude and the location (XEMAX) in the apogee
fireball separating parcels that reinain in the burst region from those crossing
the equator are found, Ionization associated with parcels that are above the
stopping altitude is termed ballistic ionization. Ionization associated with
parcels that fall below the stopping altitude is called diffusion ionization,

If parcels cross the equator, parcel location scaling coefficients and fireball

dimensions are separately defined for the conjugate region.

The parcel locations are determined by calling routine BTRACE. Inputs

and outputs to routine BTRACE are through labeled common block TRACE. The
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quantity TPHS is the time for the parcel to fall below the stopping altitude,
the quantity TPAP is the time for the parcel to reach apogee and the quantity

CONJ is a flag that is set to a negative number if the parcel crosses the
equator,
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SUBROUTINE FBTINT

This routine determines the thermal emission of a fireball in a

specified direction,

The thermal emission is specified in terms of an effective fireball
temperature that accounts for fireball emissivity and temperature along a path
through the fireball in the specified direction. For low-altitude bursts the
fireball is modeled as an isothermal region and the fireball temperature and
emissivity at the fireball edge are used to compute the effective fireball

temperature,

For high-altitude bursts both the emissivity and the fireball
temperature are functions of position within the fireball, The effective

fireball temperature is computed from

R r
-6 a(x)dx
Te =/ a(r)T(r)e dr

0
where

a = incremental absorption within the fireball (nepers)

-3
"

temperature within the fireball (K)

r = the distance from the edge of the fireball along
the specified path

distance through the fireball along the specified

=
[}

path .
For emissions from the bottom of the fireball (paths from the antenna that have a
positive elevation angle in the fireball), the integration is performed along
the path from the receiver according to the above equation, Routine FBEN is
called to obtain o and T as a function of position within the fireball,

For emissinns from the top of the fireball a direct integration of the
above equation could require an excessive number of integration steps since most
of the contribution occurs near the bottom of the fireball, In order to limit

the number of steps, an integration of fireball absorption in the upward
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direction through the fireball is performed first and emissivity quantities
at each integration step saved. Then an integral in the reverse direction is

performed using the integration steps determined from the absorption integral.
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SUBROUTINE FOOTPC

This routine is the driver routine for determining fireball region

footprint plots, A simplified flow chart for the routine is shown in Figure
15,

Footprint plots are not prepared for low-altitude bursts, Absorption
and the integral of electron density for a path from the satellite through the

fireball center are given as output along with the location of the corresponding

ground terminal,

For high-altitude bursts the fireball ionization and temperature are
fit and the fit parameters stored in labeled common block CHEMFB, Then a scan
loop is started where a scan consists of a series of propagation paths from the
satellite through the fireball, The scans are defined by points along the
longitudinal axis of the fireball, sturting at the fireball bottom. ‘he
propagation paths in each scan are chosen to be in a plane normal to the fire-
ball longitudinal axis and the local vertical at the point on the axis defining
the scan. An attempt is made to define five paths that intersect the fireball

(one through the longitudinal axis and two on each side of the axis).

For each path the location of the ground terminal is computed and
propagation quantities determined from routine FBINT., Routine FPLNK is called
to determine link quantities including the effects of noise. Two additional
paths with ambient propagation quantities are defined for each scan to locate
the fireball edges. Then routine FPINT is called to obtain parametric values
of the quantities to be plotted as a function of ground terminal location.
After all the scans have been completed routine FPPLOT is called to prepare

printer page plots,
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Figure 15, Flowchart for subroutine FOOTPC.
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SUBROUTINE FPCIR
This routine determines signal processing quantities for single link

_circuits used for footprint plots,

For FM systems the signal-to-noise ratio is calculated including the
effect of intermodulation noise, For digital systems the bit energy-to-noise
ratio is computed and depending on the modulation system either analytic models
are used to determine the bit error rate or data base models are used to

determine the message error rate.
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SUBROUTINE FPINT
This routine determines parametric values of footprint plot

quantities as a function of ground terminal location,

Calculations are performed for each plot quantity and stored in file
LFIDO, First, the maximum value of the plot quantity is tound and then
parametric values between the minimum value (stored in a data statement) and the

maximum value are determined.

Next, the location, in terms of distance from the longitudinal axis
in the scan plane, of paths that will have the parametric values of the plot
quantity are determined by interpolation. A linear interpolaticn is us=:Jd at the

edges and an exponential interpolation elsewhere,

After the location of the paths corresponding to the parametric values
have been determined, the ground terminal location for each path is computed and

the results stored for use by the plot routine,
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SUBROUTINE FPLNK

This routine determines link propagation nuantities for footprint

plots,

The transmitter and receiver terminal lccations are defined from the
footprint calculation option (downlink for KALCFP = 1 and uplink for KALCFP = 2)
and the terminal systems data defined from the systems data stored for index 1,
Routines GAIN and SLOBE are usad to determine the antenna main beam and side

lobe gains,

If a system's noise temperature was not specified as input, the
ambient noise level at the recciver is computed. Then a test is made to sce if
noise due to fireball thermal emissions should be calculated, The fireball noise
is always calculated for pa-'s in the first scan (see description of routine
FOOTPC) and the maximum temperatur~ saved. For paths in the second or subsequent
scans the fireball noise is only calculated when the maximur temperature for
the first scan is greater than 250 degrees Kelvin, If fireball thermal noise is
to be calculated, routine NINT is called to determine a normalized integral
over the antenna pattern and routinec FBTINT is called to calculate the thermal

emission from the fireball,

After the noise has been determined the signal power noise density,
and scintillation quantities are stored in labeled commcn block FPCIRC for
plotting and for use by routine FPCIR to determine circuit performance, If there
are angular fluctuations due to scintillation, a beam sprecad luss is computed

and the signal strength reduced.
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SUBROUTINE FPPLOT

This routine prepares footprint printer page plots of environment,

propagation, and systems performance quantitics,

The data to be plotted are on file LFIDO which is rewound at the
start of each plot. A plot grid is determined and grid points located at
10 degree intervals in latitude and longitude for an elliptical projection.
Then, for each scan (see description of routire FOOTPC for description of a
scan) the latitude-longitude data defining cortour points are obtained from
fiie LFIDO and plot locations and plot symbo's determined for each contour
point, The contour points always start at che minimum value (QTMIN defined in
a data statement). If two or more contour points are at the same plot location,

the symbol for the largest contour value is used to define the point,

After the plot data have been computed the printer page plot is
prepared on the summary output file (file LFNO),

An external plot file can be prepared by setting ID1 (dummy control
integer in the OPTION common block) to an integer greater than zero. This
can be done in the routine INPUT if it is desired to control preparation of
the external file as part of the input specification, Data are written on
Tfile LFPLOT which is set to 7 in the control routine., The following describes

the data written on the plot file,

For each calculation time and each fireball the ordinate and abscissa
scales (applicable for each plot for that calculation time and fireball) and

the number of plots ure written on the file as follows:

TLAMAX, TLAMIN, TLOMAX, TLOMIN, NPLOT

where

TLAMAX, TLAMIN = maximum and minimum valuces of

ordinate scale (north latitude in

degrees)

maximum and minimum values of abscissa

TLOMAX, TLOMIN
scale (east longitude in degrees)
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NPLOT

number of plots for the calculation

time and fireball,

Then for each plot two records are written on the file, the first record

describes the plot and the grid as follows:

1QT,KFMFP,QTMINX, IXL,KK, ((Y1 (I), ((X1(J=I),

KK, I=1,IXL)

where
1QT

QTMINX

IXL
KK
YI(I),Xx1(J,I)

R N BN N e

plot number

= absorption (dB)
= electron density integral (cm'z)

hy

= reciprocal of correlation time (s~

= scintillation index

= phase standard deviation (radians)

= bit error rate or message error
rate if KFMFP=0 (s™!)

= reciprocal of signal-to-noise
ratio if KFMFP=1

minimum value of contour,

Contours are given at even decades

and at 3 times the even decade values

(eg, 10,30,100;.

number of latitudes used to define grid

number of longitudes used to define grid

coordinates (in terms of ordinate and

abscissa scales) of points showing the

location of longitude traces, The points

are given for each 10 degrees in latitude

and longitude.
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The second record describes the contours as follows:

NTEST, NOCON1, MAXPTS, ((X2(I,J),Y2(1J),
I=1,MAXPTS),J=1,NOCONI)

where
NTEST = flag to determine if two sets of contours
will be prepared.*
NCONI = number of contours
MAXPTS = number of points defining contour
X2(1,J),Y2(1,J) = coordinates (in terms of ordinate and

absscissa scales) of points defining

contours,

Note that if NTEST=1, the next data on the file are the data for
the second set of contours (same format as for the first set of contours.)

If NTEST=0, the next data on the file are for the next plot,

*As described in Volume 1 (section 3,2,3.4), the contour plots can be com-
plicated when the projection of the longitudinal axis doubles back on itself
(two points on the projection having the same latitude or longitude). For these
cases two separate plots are prepared for the external plot file that should be
plotted on the same grid. The actual contours would be continuous, but the
separate contours illustrate the extent of effects and are relatively simple to
prepare., If two sets of contours are prepared NTEST is set to 1 for th: first
set and to 0 for the second set,
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SUBROUTINE GWPLME

This routine determines the motion of a high-altitude fireball after
reaching apogee due to gravity and atmospheric wind forces., A simplified flow

chart for the routine is shown in Figure 16.

The fireball motion is controlled by gravity and wind forces acting
near the altitude of peak ionization, While this altitude is calculated in
routine FBEN, it is simply chosen as 350 km for purposes of estimating
fireball motion., The location of the point along the central fiecld line in the
fireball that is at 350 km altitude is found by calling routine MAGFLD, The
nunber of time steps to be used is establi:hed by divi:'ing the interval betwecen
the starting time and the final time into the minimum wmsmwber of intervals that

are not over ! hour each, The date (year, month, day} and local time at the

starting location and time are ¢/ *~v @ <1 “ om routines ZTTOUT and DATE.
Routine DATE is called to .lef- e ‘i time at the time of interest ani
then routine ZTTOUT is c. :led (U ue’. »t the local time at the location of

peak ionization,

For each time step the locasr time at the location of peak ionization
is found and the ecast-west and north-scuth velocities due to winds found
from routine UVWD, Then the velocities due to gravity are computed and added
to the wind velocities. The effects of atmospheric winds will not be included

if the wind option (given as input to the WESCOM code) is exercised.

After the velocities are determined, the location of the peak
ionization point at the end of the time step is found by assuming a constant
velocity during the time interval, If the parameter MODE given in the call
statement is zero, the location of the peak ionization at the end of the last
time step is used to find the location of the point at altitude HSETL (chosen as
150 km) that is on the same field line as the peak ionization., This location

is used as the debris location,

If the parameter MODE is greater than zero, the location and velocity
of the peak ionization point is found at the end of the last time step. The
reference altitude of the fireball is then found so that it moves from the

apogee altitude specified in routine i BMHT to the altitude of peak ionization
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Flowchart for subroutine GWPLME.
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by the time TMAX. The fireball transverse radius and tilt angle are also

modified as the fireball moves across field lines,
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SUBROUTINE HPCHEM

This routine partitions the total energy lost by loss cone, ion leak, and
charge exchange particles undergoing inelastic and elastic collisions, The
energy is partitioned into heavy particle thermal, electron thermal, dissociation,
ionization, excitation, and radiation, A model of heavy particle prompt chemistry
is also used to compite the change in number densities of Na» 02, N(4S), N(ZD),
N;, 0;, N’, 0+ and electrons, The routine is essentially the same as routine
HPCHEM developed for ROSCOE,

T
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SUBROUTINE INITAL
This routine determines the neutral species concentration at the

end of phase 2 following a burst, The routine is similar to routine INITAL

developed for ROSCOE,

First, the species concentrations after the prompt energy deposition
are obtained., Then a test is made to see if the energy deposited by the

burst increases the gas temperature., The temperature is computed from

% B
L kn

where
pressure (dynes cm'z)

p:
k = Boltzmann's constant (1,38044 x 10'16 ergs deg'l)
n = total particle density including charged particles.

If the temperature has changed by more than 10 percent, routine

DRATE is called to recompute the reaction rate coefficients.
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SUBROUTINE INPUT

This routine reads and checks input data,

On the first call to routine INPUT routines BLKDTA and IDEFLT are
called to obtain constants, parameters, and default input data., Input data to
be read in for the current problem case are obtained by calling routine CARDIN
which stores the data in AFILC when the ENCODE/DECODE statements are used., If
these statrments cannot be used, the input data can be stored in file LFIDO as

indicated by comment statements in routines CARDIN and INPUT.

For each numbered input block the input data read in on the numbered
input card are stored in common, If additional input data are to be read in as
part of the irput block, routine CARDIN is called and data obtained from input
cards with a letter in column 1 as described in Volume 1 (Section 3.,1.1). Tests
are made to insure that sufficient data are given and that the data are in the
proper order, In some cases routine TEST is called to check the magnitude of an

input quantity., If errors are found, error messages are prepared.

If an orbiting satellite is specified in Input Block 3, routine ORBIT
is called to obtain orbit parameters that can be used to determine the satellite
position at each calculation time. In processing Input Block 6 data, routine
SPCTRM is called to obtain weapon device data and radiation spectrums., Routines
WOGl, WON1, and WOX1 are called to determine parametric energy deposition data

for later use in computing energy deposition at specific locations,

1f, after reading the input data for a problem case, therc are no
errors detected, routine INPUTP is called to perform preliminary processing of
the data. Calculations are stopped by calling library routine EXIT when an input
card with a twelve in columns 1 and 2 is given., If errors are detected in the
input data for a problem case, the rest of the input cards for that and sub-
sequent problem cases are checked for additional errors and library routine EXIT

called when the input card with a twelve in columns 1 and 2 is read.

Additional control options can be read in as part of Input Block 1 and
stored as one of the dummy variables in OPTION common (sce Table 5). This may

be useful, for example, to control preparation of user plot file,
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SUBROUTINE INPUTP
This routine performs preliminary processing of input data and

prepares summary output describing input data,

The major data processing performed is geometry coordinate conversion,
Routine CORDTF is called to convert input coordinates to an earth-centered vector
coordinate system, Tangent plane coordinates and geographic coordinates are

also determined for summary output.

Data processing is performed when FM modulation is specified., Routines
BB and RRMSTP are called to obtain the maximum baseband frequency and rms and
peak frequency deviations., Calculations are also made to convert system noise

figure to noise temperature,
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SUBROUTINE MANPTS
This routine determines mandatory integration points related to beta

tubes, low-altitude ionization sources, and heavy particle ionization sources.

The low-altitude ionization source points are located near the closest
point of approach of the path and the ionization source., The beta particle
mandatory points are located at the points where the ray path intersects the
beta ionization region where the region is taken as large or larger than the
actual region, If detailed propagation output is requested (input option) the
beta region intersection altitudes are written out on a detailed output file
(file LFDO). Note that because the beta ionization region used to determine
the mandatory points is chosen conservatively (larger than the actual region)
the actual beta particle ionization may occur over a smaller altitude interval

along the ray path than indicated by the mandatory altitudes.

The ion-leak, loss-cone, and charge-exchange heavy particles
produce ionization within geomagnetic tubes similar to the beta tube. It would
be desirable to calculate mandatory points for the heavy particle ionization
regions to insure calculations where effects are large and to eliminate
calculations in regions where effects would be minimal, A special problem
arises with the heavy particle mandatory points since they refer to the time
when the energy is deposited (burst times) and not to the calculation time. Thus,
the location of the air ionized by ion-leak, loss-cone, and charge-exchange
particles can move due to heave such that it is not between mandatory points
determined at burst time. However, since only vertical air motion is allowed
in the current heave model, heavy particle ionization calculations can be
minimized by only making calculations for propagation paths which are in or
above the initial ionization tubes, The location of the propagation path
relative to the heavy particle ionization tubes is determined by comparing
their geomagnetic coordinates (latitude and longitude)., If the portion of the
propagation path above 100 km is in or above the ionization tubes, logical

calculation flags are set to unity (ionization calculations to be performed).
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SUBROUTINE NINT

This routine determines a normalized integral over the antenna pattern

used in computing the receiver antenna noise temperature due to fireball thermal
radiation,

The noise temperature is computed assuming that the radiation is
independent of position within the antenna beam., Then the integral of receiver
antenna gain over the fireball can be computed separately from fireball temper-
atn > and emissivity calculations,

The method of evaluation depends upon the location and size of the
fireball with respect to the antenna pattern, If the fireball is entirely in
the sidelobe, or if it is very small relative to the main lobe, the integral

is approximated as

Gele)
_dQ =~ =7 Y

where

¢C = angle off beam maximum to fireball center
QFB = solid angle subtended by fireball
GR = receiver gain,

If the fireball extends into the main lobe and is not small relative to the main
lobe,* a numerical integration procedure is employed. The main lobe is

partitioned into zones by dividing the angular extent off the beam maximum into
four equal rings and cutting the 360-degree extent of each ring around the beam
maximum into six equal sections, except the zone which is circular. This yields

a total of 19 zones, A ray through the center of each zone is checked to

*The main lobe is considered to extend one receiver antenna beamwidth off the
beam maximum, at which point the (sin x/x)2 function is down about 18 dB for a
mechanically steerable or phased array type antenna,
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determine if it incersects the fireball, If it does, the fireball is assumed
to fill the zone. The resulting numerical approximation to the desired integrals

may be written as

;'idn ) ML
mn ] 4n J
where
¢J = angle off beam maximum to the ray through the
center of the jth zone which intersects the
fircball
2. = solid angle covered by the jth zone,

J

In performing the integration, tests are performed to make sure that the
integrals do not exceed their theoretical upper limits and that the total solid
angle included in the intecgration does not exceed the solid angle subtended by
the fircball, Once all zones have been checked, the contribution of the
remaining portion of the fireball, if any, is computed by assuming that the
remaining portion is in the side lobe, This integration procedure allows the
scveral fireball geometries defined by the phenomenology model to be handled in
the same basic manner, with the only major differences occurring in the relations
necded to detz2rmine whether a ray through the center of a zone intersects the

fireball, This determination is performed by the intersection subroutine RINTER.,
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SUBROUTINE PHENOM
This routine is a driver rcutine for the phenomenology models. A

simplified flow diagram for the routine is shown in Figure 17,

The PHENOM routine is called for a specified time at which fireball,
debris, and dust region parameters are desired, A tcst is made to determine
whether any burst times are between the current calculation time and the last
calculation time for which routirne PHENOM was called, If there are bursts in
the last time interval, time-independent scaling for each such burst is

performed.

The first step in the time-independent block is to determinc the
atmospheric properties including thosc of a dipole geomagnetic field at the burst
point, If the modeling option parameter MAMB is zero, the atmospheric propertics
are determined for conditions applicable at the origin. If MAMB is greater than
zero, atmospheric quantities are determined for the particular burst location
and time. Next, the time independent tireball quantities are found. For burst
altitudes less than or equal to 75 km the low-altitude time-independent fire-
ball model (routine FBMLI), the radiation output model (routine RADOUT), and
the dust model (routine DUSTMI) are called, Routiic RADOUT provides the total
photon emission (assumed to occur instantancously) causing photodissociation of
ozonc, For burst altitudes above 75-km routine FBMHI is called to determine the
high-altitude time independent quantities, However, if the fireball does not
rise above 250 km, a logical flag LMCF is set to 1 and the low-altitude model is
used. Thus, the "low-altitude'" model is uased for all bursts below 75 km and

for bursts above 75 km where the fireball coes not rise above 250 km,

Three labeled common blocks are used to store quantities calculated
in the time-independent section of routine PHENOM. Quantities used only by
routines called from routine PHENOM are stored in the labeiled common block PHEN.
Quantities used by routines other than those called by routine PHENOM are stored
in labeled common blocks BREG and DCREG. The quantities stored in block DCREG

describe dust clouds.

After the time-independent quantities have been calculated for bursts

occurring since the last calculation time, the time-independent test on LMCF is
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Figure 17. Flowchart for subroutine PHENOM.
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made and either the low- or high-altitude models used. Routinc RADOUT is called
in the time-dependent section to d.ctermine the time-dependent photon emission
causing photodetachment and photodis ociation of negative ions, Routines DBMLT
and DBMHT provide time-dependent debris region scaling for low- and high-altitude
bursts respectively. Routine GWPLME determines the effects of gravity and

atmospheric winds on the late-time fireball plume,

+. :e-independent data are stored in two labeled common blocks:
block FBREG for fireball quantities and block DBREG for debris quantities,
The fireball quantities are stored in terms of the fireball index (NFB) whick
is the same as the burst index (one fireball per burst)., The debris region
properties are indexed with a separatec debris index (NDB), Up to four debris
regions can be used to represent the debris distributions for a burst. The
number of debris regions is redetermined at each calculation time arnd may
change for a given burst, Logical indexes are stored that define the fireball,

burst, and weapon device type for each debris region,

After the time-independent quantitics have been computed for each
fireball and debris region, the input parameter MWIND is checked, If MWIND =1,
routine DBSTAM is called to determine the effect of atmosphesic winds on the

late-time debris region location and geometry.
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SUBROUTINE PIONF
This routine determines the species densities, pressure, and temper-
ature at a specified location above 100 km following the energy deposition due

to radiation from a specified burst, A flowchart for the routine is shown in

Figure 18,

The effective slant range from the burst to the deposition point is
computed first. If the specified deposition point is within the initial fire-
ball, its effective location is assumed to be at the edge of the fireball in

the same direction from the burst point,

Next, the UV source strength for cach energy group is computed in the
direction of the deposition point, Parameters describing the extent of the UV
"burnout'" region are obtained from BREG common., The location and atmospheric
properties of the edge of the burnout region in the direction of the deposition
point are obtained for use in the air mass-penetrated calculation for attenu-

ation of the UV flux,

Next the properties of the air at the fireball edge are found from
subroutine ATMOSU or ATMOSF, and the calculation of mass penetrated and number-
density line integrals from the fireball edge to the deposition point is begun.
If any point on the path is at or below 100 km, the effects of heave on the air
density along the path are neglected and the mass penetrated is determined with
function PMASS, If the path is entirely above 100 km, the mass penctrated is
obtained by dividing the path into segments, assuming the mass density varies
exponentially with slant range. In addition, neutral-particle composition
terms are determined to convert mass penetrated to the line integrals of

individual neutral particles.

For computing the mass penetrated in the heaved air, the path is

divided into N segments, where N is defined as follows:

z
[}

Minimum[K, Int(S/DMAX) + 1]

where

>
H

maximum number of path segments
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Figure 18. Flowchart for subroutine PIONF,
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N1 if lowest point is end point

N2 if lowest point is between end points

Int(X) = largest integer smaller than X
S = path length (km)
DMAX = minimum length of path segments that can be further

divided (km).

The parameter values used are N1 = 3, N2 = 3, and DMAX = 100 km, The properties
of the air at the end points of ecach path segment are obtained from subroutine
ATMOSF, and the mass penetrated along esch segment is determined assuming the
mass density varies exponentially with slant range., If the initial path from
the fireball edge to the deposition point has a lowest point, then each seg-

ment may be further subdivided as described above.

The energy deposited by heavy particles is found by calling routine
DEBRTS, Routine HPCHEM is called to determine the change in species concentra-
tions and air properties caused by the heavy particle energy deposition. The
Y-ray energy deposition coefficient is found by'calling routine WOXP and used

to determine the energy depositied by X-rays,

The UV flux in five cnergy groups is determined. The species line
integrals are scaled from the mass penetrated and the composition terms, The
UV energy available for hydro is added to the energy deposition due to X-rays to
compute a modified pressure, Then routine PCHEM is called to determine the
species densities and air properties at the end of the prompt energy deposition

phase,
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SUBROUTINE PKOPEN

This routine is the driver routinc for the propagation module, The
module determines environmental quantities and propagation effects along a
straight-line path (ray path) betweren two specified locations, A flowchart

for the routine is shown in Figure 19,

The propagation module can be called with one of two calculation
opticns determined by the logical option MODE, For MODE = 1 only absorption
between the terminals is calculated. This option is used when calling routine
PROPEN from thec noise module, For MODE = 2 all of the propagation effects
réquested as part of the input specification are calculated. This option

is used for the main ray path specified as input,

First, preliminary geometry calculations are made and integral
quantities initialized, The geometry calculations include determination of
minimum and maximum mandatory slant ranges from the transmitter terminal, Thesec
are chosen as 50 and 101 km for MCDE = 1 and as 50 and 250 km for MODE = 2 if the
ray path extends over these altitudes. If not, the ray path terminals are used
for the mandatory points., An F-region altitude (HFTEST) is chosen for use in
cditing bursts as F-region ionization sources. This altitude is chosen as
200 km or the minimum altitude on the path if the ray path is above 200 km, If
the ray path is entirely below 200 km, HFTEST is chosen as the highest point on
the ray path,

Next, routine AMBABS is called to determine the attcnuation duc to
water vapor and molecular oxygen in the ambient atmosphere. This calculation

is not made for MODE = 1,

Next, mandatory altitudes (altitudes at which environment
calculations must be made) for beta tubes, low-altitude ionization sources,

and heavy particle ionization sources are obtained by calling routine MANPTS,

After the mandatory pnints are determined a test is made on HFTEST,
If HFTEST is greater than 100 km, routine CMFEDT is called to select bursts to

be used as F-region ionization sources. Routine FBINT is called to dctermine

fireball intersections and propagation effects and routine DSTINT is called to
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Figure 19.
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determine dust cloud intersections and propagation effects,

Routine START prepares an ordered set of mandatory points from those
determined above., The mandatory points are used in routine PTHINT called to
obtain propagation effects along the path between .erminal points, If
detailed output was temporarily stored in file LFIDO, the output is trans-
ferred to file LFDO,
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SUBROUTINE PSDM
This routine is the driver routine for the post-stabilization debris

nodule for a specified debris region. Figure 20 shows a flowchart for the

routine,

First the number and location of marker particle altitudes and the
number and times of evaluation times are determined, The initial location of
the marker particles are established. The initial location is taken as the
latitude and longitude of the debris center at stabilization time and the

altitudes determined above,

Next, a time loop and an altitude loop are started. For each particle

the particle velocity is determined by calling routine UVWD,

After ‘he marker particle velocities have been determined, the
velocities are averaged over a mixing length by calling routine UVWAV, Then
the velocities are used to determine the location of the marker particles at the

end of the time interval,

At the end of the last time interval (timec equal to input calculation
time), routine ARRLIM is called to determine the debris location and geometry

from the marker particle locations,
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Figure 20. Flowchart for subroutine PSDM,
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SUBROUTINE PTHINT
This routine determines ionization and propagation effects along a

specified ray path, A flowchart for the routine is shown in Figure 21.

Calculations are started at the first mandatory point (mandatory point
closest to transmitter terminal) and integral quantities are determined for the
region between the first mandatory point and the transmitter. At each calcula-
tion point routine ELDEN is called to determine ionization and collision
frequency terms. Then the incremental! absorption and incremental phase term

N where
er

N
c

er vZ
14'-—2-

€

are calculated., For altitudes bclow 100 km, a nominal step size AS
corresponding to a 2-1/2-km altitude increment is chosen (but not more than

10 km), with a minimum step size ASmin equal to half that value and a

maximum step size ASmax equal to twice that value. For altitudes above 100 km,
the minimum step size is increased to 2 AS and the maximum step size is
increased to 8 AS, The step size starts out at ASmin and is doubled (subject

to ASmax) each time the phase effects term and incremental absorption vary by
less than a factor or two. If the electron density is decreasing with position,

the maximum step size is allowed to continue to increase.

The phase effects term and the incremental absorption are assumed
to vary linearly between two field points if the change in magnitude is less

than a factor of 2; otherwise an exponential variation is assumed,

The integration from the first mandatory point to the transmitter is
stopped when all of the following checks are satisfied: (1) the incremental
absorption is decreasing; (2) the incremental absorption multiplied by the
remaining path length is less than 0,1 dB; and, for MODE = 2 only, (3) the phase
effect term is decreasing; (4) the phase effect term multiplied by the remaining

path length is less than 0,1 times the current phase integral.
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Figure 21. Flowchart for subroutine PTHINT.
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The remaining path length in the above is computed as the minimum of the

remsining path length and the exponential absorption and phase effect scale lengths

After the integral quantities betwcen the tirst manda“ory point and
the transmitter have been calculated the integration between the first mandatory
point and the receiver terminal is started. The procedure is the same as
previously described except that the integration is not allowed to stop as long
as there are any mandatory points left, At each mandatory point the step size
is set to the minimum step size. Tests are made at each mandatory point to see
if the mandatory point is associated with a fireball, For low-altitude fireballs
and the fireball from the last high-altitude burst, the regior along the path
occupied by the fireball is skipped since all ionization sources are included
in the fireball calculation, If there is more than one high-altitude burst,
the ionization and propagation effects for the region occupied by all but the
last fireball are calculated as if the earlier fireballs were not there since

prompt and delayed radiation sources are not included in the region calculations,
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SUBROUTINE RADOUT

This routine calculates either of two types of output for a specified
burst. The first type of output approximates the radiated power in each of six
frequency bands covering IR through far UV at a specified calcuiation time, The
second type of output approximates the radiated energy resulting from the
integration of power in the sixth frequency band over a time span from 10_6 s
to approximately ten times thermal maximum. The routine is a modified version

of routine RADOUT developed for ROSCOE,

Calculations arec made for bursts below 100 km; however, bursts
between 50 and 100 km are treated as if they were detonated at SO km, The power
and energy outputs are determined from empirical fits to RADFLO data. The
power-time curve is divided into six time segments and empirical fits used for
each time segmeni. The radiated power and - v arc modified if there has
been a radiation merge to account for the eftec. _r reduced air density caused

by the first fireball,
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SUBROUTINE RINTER

This routine computes the intersection points between a ray path ard
a fireball, debris, or beta tube region, The region shapes included are the
right-circular or skewed spheroid, cones, magnetically defined tubes, and the
torus, The routine is a modified version of routines INTERS decveloped for

WOE code,

The intersection with the spheroid or cone is obtained analytically.,
->
Let S be the vector from the transmitter to a point a distance s up the

ray path:

-»> PN
S = sS (1)
" -> >
where S 1is the unit vector in the direction of S, Let F be a vector from
>
the transmitter to the center of the spheroid or cone and let T ¢ a vector
from the center of the spheroid or cone to a point on its symmetry axis a

distance t from the center:

A

T =tT (2)

A

where T 1is again a unit vector,

The vector from point s to point t is
> > > >
D(s,t) = F + T(t) - S(s) . (3)

->
The distance from the point s to point t 1is the absolute value of D :

p(s,t) = |D(s,t) |2 (4)

IFIZ s t2 4 s 4 2t(F ©T)

A A

> S
« 2s(F ¢« S) - 2ts(T « S) .

For any distance s up the ray path, the distance from s to the
closest point on the symmetry axis of the spheroid or cone can be found by
minimizing Dz(s.t) with respect to t:
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Thus

(ad
]

Substituting t back into
the axis:

where

The distance R from the

or cone is ijust:

where for the spheroid

.0 52
= 3% D°(s,t)

2t +2(F- 1) -28(T - 8) .

-

(T - g)s -F- ? =as +b . (5)

Equation 4 gives the shortest distance from s to

As2 + Bs +C , (6)

1 +a%-2a(T-58) |,

2[ab-F-S+a(F-T)-b(T-S)] :

2

IF|2 s+ b2 « 2b(F - T) .

surface to the axis of a right-circular spheroid

At2+Bt+C s (7)
q q q

]
]
_F
™~
~
-
-

semi-axis along symmetry axis,

semi-axis transverse to symmetry axis,
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and for the cone

2

A = tan”" 8

q

B = 2R tanb ,

q o
cC = R2 >

q (0]

Ro = cone radius at center ,
6 = cone half-angle .

Writing R as a function of s through Equation 5 and subtracting it from

DE gives a quadratic equation in s:

DE - R2 + A's2 + B's +c' =0 - (8)
where
A'=A-82A »
q
B’ =B-2abA -aB
q q
¢’ = g

C-b°A -bB -C
q9 "q q

The solutions for the intersection points are then

s = -(8'72a"): ViB'/2a"¢ - c'/A" (9)

where an intersection exists only if the radical is real, Two special cases may
arise. If A' = 0, which corresponds to the ray path being parallel to part of

a cone surface, then there is only one intersection given by

s =-c'/s’ (10)
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1f B is positive the intersection is an exit point, and if B' is negative,
the intersection is an entry point, If B' and A" are zero, the ray path is
parallel to a cylinder and is wholly within or without depending on whether c'

is negative or positive, respectively,

To calculate the intersection of the ray path with a skewed
spheroid or cone, Equation 5 must be replaced with a relation between s and

t such that point s is horizontal to t . This is given by

cos T (11)

where
sp = slant range up path to horizontal plane
through region center
T = region symmetry axis tilt angle from vertical
E_ = angle between ray path and horiznntal plane

through region center,

Thus a and b in Equation 5 are replaced by

sin E .
a s — A (12)
[
sin ES
b= 8§ ———  ,
p cos T

and the rest of the calculations are the same except that Equation 7 represents

the corresponding skew figures (R is horizontal).

The equation for the intersection of a ray path and a torus is a
quartic expression in the path variable and is tedious to solve. It is simple,
however, to determine whether or not a given point is inside the torus. This
allows a fast numerical procedure for finding the intersection points. The
numerical iteration for the torus intersection points is carried out in

subroutine TOROID which is called from RINTER,
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Intersections with magnetic field linc defined tubes are also
obtained numerically via iteration techniques. The function TUBE calculates
the intersection points, If any of the regions are truncated, the routine
calculates the intersection of the ray path with the bottom and top altitudes

and adjusts the previously obtained intersection points if necessary,

Intersections with beta tubes are found by first determining the
closest point of approach of the ray path vector and a vector located at 80 km
on the geomagnctic field line through the center of the debris region having
the direction of the geomagnetic field. The closest point of approach is used
as the starting point in routine TUBE to determine intersection points, First,
routine TUBE is called with a single point calculation option to determine
whether the closest point of approach is within the tube., If it is within the
tube in either the debris region or the conjugate of the debris region,
routine TUBE is called again with an option to allow iterating to find the

ray path and tube boundary intersections.

Use of the closest point of approach of the ray path with a
straight line approximation to the geomagnetic field to obtain the starting
point and initial test of whether any interscction exists is a reasonable
approximation for beta particle ionization where the interest is in a rclatively
small altitude region. However, for field-aligned fireballs the intersection
of interest can occur over a large altitude region. For this case, the region
(field-aligned fireball region) is broken up into five altitude segments and

tests made for intersections (in both the local and conjugate region) for ecach

segment,
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SUBROLTINE SATC

This routine is the driver routine for satellite communication

calculations, A simplified flowchart for the routine is shown in Figuie 22,

First, the ground terminal locations are determined from either
locations given as input or from routine TORBIT if ground terminal motion is
specified, For KALCS=1 or 2 (multiple link circuits) routine SLINK is called
to determine whether propagation and noise calculations have been previously
made for the link, If they have, the calculation flags LFLAG and NFLAG are set
to 1. For KALCS=2 (down link broadcast option) each link is different and

circuit calculations are made for each link,

Next path geometry quantities are defined for the link and if
MAMB (input option) is 1 atmospheric and magnetic field routines are initialized

at the location of the path,

Propagation and noise quantities are calculated and stored for up
to 41 links, Link indexes LLINK and LNINK are used to store and retrieve
propagation and noise data, If LFLAG=1, propagation quantities for the link
have been previously calculated and the call to routine PROPEN is skipped.

If NFLAG=1, noise calculations have been made. However, if NFLAG=0 further

tests (not shown in Figure 22) are required to determine if noise calculations
are required, If they are, routine ANTND is called, If the receiver is being
jammed, routine JAMND is called to determine the jamming noise density. Then,

routine SATLNK is called to define link performance and prepare summary output.

After calculations for all the links in a particular circuit have

been performed, routine SATCIR is called to determine circuit performance

quantities,
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DETERMINE GROUND
TERMINAL LOCATIONS

CIRCUIT 1.00P
’
KALLS 2 LFLAG=0
: NFLAG=0
LINK LOOP Joa
CALL SLINK
Y
DEFINE PATH
GEOMETRY

INITIALIZE ATMOSPHLRE

AND MAGNETIC FIELD
ROUTINES

CALL PROPEN

CALL ANTND

CALL JAMND

HLWR

TEAMINAL

| AMME [
]

NO

Y
CALL SATLNK

A

CALL SATCIR

‘ RETURN ’

Flowchart for subroutine SATC.

Figure 22.
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SUBROUTINE SATCIR
This routine determines performance quantities for satellite com-

munication circuits. A simplified flow diagram for the routine is shown in
Figure 23.

Circuit performance for free space conditions is calculated at the
first calculation time, At subsequent calculation times circuit performance
is only calculated for disturbed conditions, For either free space (KAMBF=1)
or disturbed (KAMBF=0) conditions a link loop is established and the signal-to-
noise ratio calculated, If there is no signal processing, the ratio is an
effective ratio for the links in the circuit, If there is signal processing,
the signal-to-roise ratio and bit energy-to-noise ratio are computed for each
link. For FM systems an FM impro.ement factor is computed and for disturbed

conditions the intermodulation noise due to dispersion is determined.

Next, the bit error rate (analytic models) or message error rate
(data base models) are calculated for digital modulation system (see Figure
24), If there is signal processing, the error rates are computed for each
link and then combined into an effective error rate for the circuit. After the
error rates are computed for disturbed conditions summary output is prepared

and written on file LFNO,
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Flowchart for subroutine SATCIR.
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SUBROUTINE SATLNK
This routine determines link propagation quantities for satellite

communication circuits,

First, the transmitter, receiver, and antenna parameters are ob-
tained for the link and quantities required to compute received signal and noise

are determined. Routines GAIN and SLOBE are used to determine the antenna main

beam and side lobe gains.

Next, the received signal and noise for free space and disturbed
conditions are determined and stored in common block SIGCOM, Scintillation
quantities for the link are also defined and stored. If there is beam spread
loss due to scintillation, the received signal for disturbed conditions is

reduced.

Output describing propagation quantities for the link is

prepared and written on file LFNO if level 1 summary output is requested.
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ROUTINE SPECDP

This routinec determines effects of prompt radiation on neutral specics
concentrations at a specified altitude below 100 km at a specified calculation

time. The routine is essentially the same as routine SPECDP developed for

ROSCOE,

First mean values for 03 and o are computed. Then the neutral

species concentrations are computed.

Next,'the species concentrations are limited by the ambient necutral
species values, For nighttime conditions this only involves limiting the
values of 0, N0, and OZ(IA). For daytime a new ambient model consistent with
the amount of odd nitrogen produced is first determined. This requires an
iterative procedure which has been chosen to minimize the number of iterations,
Then the value of odd oxygen (0+03) is allowed to decay from the burst produced
value toward the new, modified ambient value. The value of odd oxygen at the
time of interest is used to determine the other species by assuiming photo-
chemical equilibrium, An iterative procedure is required to determine the
photoequilibrium distribution of species consistent with the values of odd
oxygen and odd nitrogen, The decay or build up of species is not allowed to

surpass the mod. fied ambient values,
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SUBROUTINE SLINK
This routine determines whether propagation or noise calculations

have been previously made for a link.

The matrix INDEX stores indexes used to identify propagation
quantities, Propagation quantities for up to 41 links can be stored., If
propagation quantities have not been calculated, the link index is incremented
and a propagation calculation flag (LFLAG) is set to require propagation
calculations. If propagation calculations for the link have been made, the
link index is stored in INDEX. Tests are also made to see if noise calcula-
tions have beern made and a noise calculation flag is set. Additional noise

tests and a noise index are calculated in routine SATC.

If L=1 (first circuit), propagation and noise calculations are
required. For L>} propagation calculations are not required for JLINK=2
(satellite-to-satellite link), since there is only one such link, For all
other links, tests are made to sce if propagation and noise calculations have
been made, First, tests are made to sce if a previous link has the same
terminal locations, If it does and the propagation frequencies are the same,
propagation calculations are the same for both links. If the proupagation
frequencies are the same and the receiver antennas are the same, noise
calculations are the same for both links unless one link is an up link and

the other is a down link,

187



SUBROUTINE START
This routine prepares an array of mandatory points, ordered in
increasing slant range from the transmitter, which must be considered when

integrating propagation quantities along a path,

Mandatory points are placed at the minimum and maximum slant range
as computed in routine PROPEN, Mandatory points are placed at the entrance and
exit points of the ray path with beta tubes and fireballs and near low-altitude
gamma sources, In preparing the mandatory points for firebalis, all fireballs
from high-altitude bursts except the most recent burst are skipped. The mandatory
points are contained in the mandatory point array SMP(I). For each mandatory
point SMP(I) there are two integer tags in the array INDMP (2,100). The code
for INDMP is

INDMP (1,1} Not used,

= J Fireball index associated with
the intersection points
INDMP(2,I) = 1000 Beta tube, low-altitude gamma points
= 2000 Fireball entry point
= 2002 Fireball exit point
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SUBROUTINE WOG!

This routine determines energy deposition coefficient for prompt and
delayed gamma rays. The routine is essentially the same as routine WOGI
developed for ROSCOE.

The effective normalized energy deposition coefficient for the
spectrum UBARGP(I,K) is calculated and stored for each of 15 different mass
depths, PMG(K). Note that index I spccifiés device type, index J specifies
spectral cnergy group, and index K specifies mass depth, The double-dimensional
array UG(K,J) stores energy deposition coefficient data from the ATR code for
monochromatic energy sources at photon energy corresponding to spectral group
J and at mass depths PMG(K). The calculation of UBARGP is a convolution of this
monochromatic data with the energy spectrum, The effective normalized energy
deposition coefficient for the delayed spectrum, UBARGD(I,K), is calculated and
stored for each of the 15 mass depths in the same manner as for the prompt

energy deposition coefficient.

The parameters FEDG(I) and FTHERM(I)} for device type I are made
available to the other phenomenology models through labeled common block DEVICE,
The tabular data UBARGP(I,K), UBARGD(I,K), and PMG(K) are transmitted to
subroutines WOGP and WOGD through labeled common block WOG,
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SUBROUTINE WON1

This routine determines energy deposition coefficients for neutron
cnergy deposition., The routine is essentially the same as routine WONI
developed for ROSCOE.

First the energy deposited by ecach spectral group, the total energy
deposited, and a mean neutron cross section are computed. Then the yield
fraction in deposited neutron energy is calculated as the total neutron energy
deposited divided by the total weapon yield, Note that this differs from the
kinetic energy yield fraction given as input in that it includes both the

kinetic and capture energies,

The folded energy deposition coefficients for prompt, UBARNP,
clastic scatter, UBARNE, and capture, UBARNC, phases of the energy deposition
are computed for each mass depth PMN(K). This would form a complete set of
data to determine the prompt and delayed energy deposition, However, since
the computation of the power law exponent for the elastic scatter deposition
phase requires a time-consuming iterative solution, we make that calculation
here for each mass depth PMN(K). The value of the exponent for any mass depth
is found later by interpolation, The parameters UBAnwWP, UBARNC, and the
exponent EXPQNE then form a complete set and are passed to subroutines WONP
and WOND through WON common, along with the mass penetrated array PMN, The
yield fraction FEDN(I) is made available to the other phenomenology models

through DEVICE common,
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SUBROUTINE WOX]1
This routine determines energy deposition coefficients for X-rays,

The routine is essentially the same as routine WOX1 developed for ROSCOE.

In addition to the effective energy deposition coefficient, ﬁ; ,

an X-ray containment factor, fcx » is also computed for use in the fireball

phenomenology model as

M
£ M =/ u (m) dm (1)
0

where M is the air mass penetrated (gm/cms). The function fcx(M) is the
fraction of the X-ray flux that would be absorbed within a mass depth M,

Because the X-ray transport may vary significantly from one spectrum
to another, the deposition coefficient, URARX, and the containment factor,
FCONTX, are precomputed and stored for a different set of air masses for each
device type. The set of air masses for device type I are given by
PMXBAR(T) *PMXR(K), K = 1,15, The normalizing mass PMXBAR(I) is defined by

18
au -3
PMXBAR(I) = Z (F M, gm cm (2)
j=1
where (Fx)j is the energy in spectral group j for device type I and Moj
is the mass normalization for spectral group j. The 15 values of PMXR(K) are

defined as follows:

K PMXR K PMXR K PMXR
1 0,001 6 0.4 11 2.0
2 0.01 7 0.6 12 3,0
3 0.05 8 0.8 13 4.0
4 0.1 9 1.0 14 5.0
5 0.2 10 1.5 15 10,0

191



The integral of the X-ray spectrum, ETOTAL, and the normalizing mass
PMXBAR(I) are computed for each normalized mass depth., Then X-ray energy
deposition coefficient, UBARX, and the containment factor FCONTX, arc¢ computed.
(An exponential algorithm is employed to perform the integral in Equation 1.)
The normalizing mass PMXBAR, and the tabulated values for PMXR, UBARX, and
FCONTX are placed in WOX common for later interpolation by routines WOXP and
WOXC, The yield fraction, FEDX, is made available to the other phenomenology
routines through labeled common DEVICE.
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University of Alaska
ATTN: Technical Library
ATT™N: N. Brown
ATTN: T. Davis

Analytical Systems Engineering Corp
ATTIN: Radio Sciences

Analytical Systems Engineering Corp
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Barry Research Corporation
ATTN: J. Mclaughlin

BOM Corp
ATIN: T. Neighbors
ATTN: L. Jacobs

Berkeley Research Asscciates, Inc
ATIN: (. Prettie
ATTN: J. Workman
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ATTN: J. Hirsch

Boeing Co
ATTN: G. Hall
ATTN: S. Tashird
ATIN: M/S 42-33, J. Kennedy

Boeing Co
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Booz-Allen & Hamilton, Inc
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Charles Stark Draper Lab, Inc
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ATIN: D. Fang
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ATIN: M. Bortner
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ATIN: F. Ricct
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ATTN: W. Knapp
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Martin Marietta Corp
ATIN: R. Heffner
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ATTN: W. Olson
ATIN: G. Mroz
ATIN: R. Halprin
ATIN: N. Harris
ATIN: J. Moule
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ATIN: R. Bogusch

ATIN: R. Hendrick
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Mitre Corp
ATTN: A. Kymmel
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ATIN: W. Hall
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Pennsylvania State University
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ATTN: C. Greifinger
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Rand Corp
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Riverside Research Institute
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Rockwell International Corp
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Rockwell International Corp
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Santa Fe Corp
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Science Applications, Inc
ATTN: C. Smith
ATIN: D. Hamlin
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ATTN: [E. Straker

Science Applications., Inc
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Science Applications, Inc
ATTN: J. Cockayne

SR] International
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ATTN: W. Chesnut
ATTN: R. Leadabrand
ATIN: R. Hake, Jr
ATTN: R. Tsunoda
ATTN: A. Burns
ATTN: G. Price
ATIN: G. Smith
ATIN: V. Gonzales
ATTN: D. Neilson
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ATTN: J. Petrickes
ATTN: R. Livingston
ATIN: C. Rino
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Sylvania Systems Group
ATTN: M. Cross

Technology International Corp
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